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TITLE OF THE INVENTION 

DIARYL-2-(5H)-FURANONES AS COX-2 INHIBITORS 

BACKGROUND OF THE INVENTION 
S This invention relates to methods of treating cyclooxygenase 

mediated diseases and certain pharmaceutical compositions therefor. 

Non-steroidal, antiinflammatory drugs exeit most of their 
antiinflammatory, analgesic and antipyretic activity and inhibit hormone- 
induced uterine contractions and certain types of cancer growth through 

10 inhibition of prostaglandin G/H synthase, also known as cyclooxygenase. 
Initially, only one form of cyclooxygenase was known, this 
corresponding to cyclooxygenase- 1 or the constitutive enzyme, as 
originally identified in bovine seminal vesicles. More recently the gene 
for a second inducible form of cyclooxygenase (cyclooxygenase-2) has 

15 been cloned, sequenced and characterized initially from chicken, murine 
and human sources. This enzyme is distinct from the cyclooxygenase- 1 
which has been cloned, sequenced and characterized from various 
sources including the sheep, the mouse and man. The second form of 
cyclooxygenase, cyclooxygenase-2, is rapidly and readily inducible by a 

20 number of agents including mitogens, endotoxin, hormones, cytokines 
and growth factors. As prostaglandins have both physiological and 
pathological roles, we have concluded that the constitutive enzyme, 
cyclooxygenase- 1, is responsible, in large part, for endogenous basal 
release of prostaglandins and hence is important in their physiological 

25 functions such as the maintenance of gastrointestinal integrity and renal 
blood flow. In contrast, we have concluded that the inducible form, 
cyclooxygenase-2, is mainly responsible for the pathological effects of 
prostaglandins where rapid induction of the enzyme would occur in 
response to such agents as inflammatory agents, hormones, growth 

30 factors, and cytokines. Thus, a selective inhibitor of cyclooxygenase-2 
will have similar antiinflammatory, antipyretic and analgesic properties 
to a conventional non-steroidal antiinflammatory drug, and in addition 
would inhibit hormone-induced uterine contractions and have potential 
anti-cancer effects, but will have a diminished ability to induce some of 



wo 96/19469 



PCT/CA95/00715 



-2 



10 



15 



20 



25 



the mechanism-based side effects. In particular, such a compound should 
have a reduced potential for gastrointestinal toxicity, a reduced potential 
for renal side effects, a reduced effect on bleeding times and possibly a 
lessened abUity to induce asthma attacks in aspirin-sensitive asthmatic 
subjects. 

A brief description of the potential utilities of 
cyclooxygenase-2 inhibitors is given in an article by John Vane Nanire 

Vol. 367, pp. 215-216. 1994 and in an article in 
PgfiSPggtlVgS. Vol. 7. pp. 501-512. 1994. 

SUMMARY OF THF TNTVPTy-n^li^ 

The invention encompasses the novel compound of Foimula 
I as well as a method of treating cyclooxygenase-2 mediated diseases 
compnsing administration to a patient in need of such treatment of a non- 
toxic therapeutically effective amoum of a compound of Formula I 




The invention also encompasses certain pharmaceutical 
compositions for treatment of cyclooxygenase-2 mediated diseases 
comprising compounds of Formula I. 

PETAILFD OFSCRIPTTON of j ^e INVFMTy nM 

The invention encompasses the novel compound of Formula 
I as well as a method of treating cycIooxygenase-2 mediated diseases 
comprising administration to a patient in need of such treatment of a non- 
toxic therapeutically effective amount of a compound of Formula I 
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I 

or a pharmaceutically acceptable salt thereof 
wherein: 

5 Y is selected from the group consisting of 

(a) C(RlO)(Rll), 

(b) oxygen, 

(c) sulfur, 

is selected from the group consisting of 

10 (a) S(0)2CH3, 

(b) S(0)2NH2, 

(c) S(0)2NHC(0)CF3, 

(d) S(0)(NH)NH2. 

(e) S(0)(NH)NHC(0)CF3, 
15 (f) P(0)(CH3)NH2, 

(g) P(0)(CH3)2, 
R2 is selected from the group consisting of 

(a) Cl.6alkyl, 

(b) C3-7 cycloalkyl, 

20 (c) mono-, di- or tri-substituted phenyl or naphthyl wherein the 

substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

(3) Ci.6alkoxy, 
25 (4) Ci.6alkylthio, 

(5) CN, 

(6) CF3, 

(7) Ci.6alkyl, 

(8) N3. 

30 (9) -C02H, 
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(10) -C02-Ci-4alkyl, 

(11) -C(R5)(r6).oh, 

(12) -C(R5)(R6).0-Cl.4alkyl. and 

(13) -Ci.6alkyl-C02-R5; 
5 (14) benzyloxy, 

(15) -0-(Cl.6alkyl)-C02R5, 

(16) -0-(Ci.6alkyl)-NR5R6 

(d) mono- , di- or tri-substituted heteroaryl wherein die 
heteroaryl is a monocyclic aromatic ring of 5 atoms, said 

10 ring having one hetero atom which is S, O, or N, and 

optionally 1, 2, or 3 additionally N atoms; or 
the heteroaryl is a monocyclic ring of 6 atoms, said ring 
having one hetero atom which is N, and optionally 1, 2, 3, or 
4 additional N atoms, said substituents are selected from the 

15 group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl-6alkyl, 

(4) Cl.6alkoxy, 
20 (5) Cl-6alkylthio, 

(6) CN, 

(7) CF3. 

(8) N3, 

(9) -C(R5)(R6).OH,and 

25 (10) -C(R5)(R6).0-Cl.4alkyl; 

(e) a mono- or di- substituted benzoheterocycle in which the 
heterocycle is a 5, 6, or 7-membered ring which may contain 
1 or 2 heteroatoms chosen independendy from O, S, or N 
and which may contain a carbonyl group or a sulfonyl 

30 group; the said substituents arc selected from the group 

consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl-6alkyl, 
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(4) Ci-6alkoxy, 

(5) Ci-6alkylthio, 

(6) CN, 

(7) CF3, 
5 (8) N3. 

(9) -C(R5)(r6).oh. and 

(10) -C(R5)(R6).o-CMalkyl; 

(f) a heterocycloalkyl group of 5, 6 or 7 members which 
contains 1 or 2 heteroatoms chosen from O, S, or N and 

* ^ optionally contains a carbonyl group or a sulfonyl group. 

(g) a mono- or di- substituted benzocarbocycle in which the 
carbocycle is a 5, 6. or 7-membered ring which optionally 
contains a carbonyl group, the said substihients are selected 
from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Cl-6alkyl, 

(4) Ci.6alkoxy, 

(5) Ci-6alkylthio, 
20 (6) CN, 

(7) CF3. 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o.Ci.4alkyl; 

25 r3 is Ci.7alkyl. CH20R7, CN. CH2CN, or Ci-efluoroalkyl, F. 

CONR72, mono- or di-substimted phenyl, mono or di-substimted benzyl, 
mono- or di-substituted heteroaryl, mono or di-substituted 
heteroarylmethyl, wherein the substituents are selected from the group 
consisting of 

30 (1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci-6alkyl, 

(4) Ci-6alkoxy, 

(5) Ci-6alkylthio, 
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(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(r6).oh, and 

5 (10) -C(R5)(R6).o.Ci.4alkyl; 

R4is 

(a) mono- or di-substituted phenyl or mono- or di-substituted 
benzyl or mono or di-substituted heteroaryl or mono-or di- 
substituted heteroarylmethyl, said substituents are selected 

10 from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl.6alkyl, 

(4) Ci.6alkoxy, 
15 (5) Ci-6aIkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(r6).oh, and 

20 (10) -C(R5)(R6).0-Ci-4alkyl,or 

(b) Cl.7alkyl, CH20R7, CN, CH2CN, or Ci.6fluoroalkyl, F or 
CONR72;or 

R3 and R4 together with the caibon to which they are attached form a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 
25 1 or 2 heteroatoms chosen indepcndendy from O, S, N, and optionally 
hexa-substituted by r12 and optionally containing a carbonyl or sulfonyl 
group, 

each R 1 2 is independently selected from the group consisting of 
(a) hydrogen, 
30 (b) Ci.6alkyl, 

(c) phenyl or monosubstituted phenyl wherein the substituents 
may be halo, Ci-6alkyl, Ci.6alkoxy, Ci.6alkylthio, CN, or 
CF3, 
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(d) benzyl or monosubstituted benzyl wherein the substituents 
may be halo, Ci.6alkyl. Ci.6alkoxy, Ci.6aIkylthio, CN. or 
CF3, 

(e) -C02-alkyl, 
5 (f) halo; 

R5, r6 and r7 are each independently selected from the group consisting 

(a) hydrogen, and 

(b) Ci-6alkyl. 

10 or r5 and r6 together with the caibon to which they are attached 

form a saturated monocyclic carbon ring of 3. 4, 5, 6 or 7 
atoms; 

R8 and r9 are independenUy selected from the group consisting of • 
(a) hydrogen, 
15 (b) Ci.7aIkyl,or 

R8 and r9 together form a double bonded O or S; 
R ^ " and R 1 1 are independently 

(a) hydrogen , 

(b) mono- or di-substituted phenyl or mono- or di-substimted 
benzyl or mono- or di-substituted heteroaryl or mono- or di- 
substituted heteroarylmethyl. said substituents are selected 
from the group consisting of 

(1) hydrogen, 

including fluoro. chloro, bromo and iodo 

(3) Ci.6alkyl, 

(4) Ci.6alkoxy, 

(5) Ci.6alkylthio, 

(6) CN, 

(7) CF3. 
3° (8) N3, 

(9) -C(Rl3)(Rl4).oH,and 

(10) -C(Rl3)(Rl4).o.Ci-4alkyl.or 

(c) Ci.7alkyl, CH20R7, CN. CH2CN, Ci.6fluoroalkyl, F or 
CONR72; or 
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rIO and 1 together with the carbon to which they are attached 
foim a carbonyl or a saturated monocyclic carbon ring of 3, 
4, 5, 6 or 7 atoms; 
Rl3andRl4 are independently selected from the group consisting of: 
5 (a) hydrogen, 

(b) Cl-7alkyl, or 

R13 and R^^ together with the carbon to which they are attached 
to form a carbonyl, -C(=S)-, or a saturated monocyclic 
carbon ring of 3, 4, 5, 6, or 7 atoms, 
10 with the proviso that when Y is O or S, and r8 and r9 are taken together 
with the carbon to which they are attached to form a carbonyl, and r3 
and r4 are each methyl, then r2 is other than a 2-naphthyl or an 
optionally mono or di-substituted phenyl, wherein the substituent is meta- 
fluoro, para-fluoro, meta-chloro or para-chloro; or 3,4-dichloro or 3,4- 
15 difluoro; and with the further proviso that when r3 and taken together 
with the carbon to which they are attached form a carbonyl, then r8 and 
r9 taken together with the carbon to which they are attached form a 
group other than carbonyl. 

20 For purposes of this specification heteroaryl as in r2 is 

intended to include, but is not limited to optionally mono- or di- 
substituted 



(1) 


furanyl. 


(2) 


diazinyl, triazinyl, tetrazinyl. 


(3) 


imidazolyl. 


(4) 


isooxazolyl. 


(5) 


isothiazolyl, 


(6) 


oxadiazolyl, 


(7) 


oxazolyl. 


(8) 


pyrazolyl. 


(9) 


pyrrolyl. 


(10) 


thiadiazolyl. 


(11) 


thiazolyl. 


(12) 


thienyl. 
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(13) triazoiyl, or 

(14) tetrazolyl. 

Similarly, for purposes of this specification cyclic groups 
5 such as a heterocycloalkyl or benzocarbocycle or benzoheterocycle such 
as in R2 is intended to include, but is not limited to optionally mono- or 
di-substituted 

(1) 2-indolyl, 

(2) 3-indolyl. 

^0 (3) l-methyl-5-indolyl 

(4) 2-benzofuranyl, 

(5) 3-benzofuranyl, 

(6) 5-benzofuranyl, 

(7) 6-benzofuranyl, 
15 (8) 2-benzothienyl, 

(9) 3-benzothienyl, 

(10) 5-benzothienyl, 

(11) 6-benzothienyl, 
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One genus of compounds of formula I is that in which r8 
and R9 form a double-bonded O, Y is O. 
5 Another genus is that in which R2 is a mono-, di- or tri- 

substituted phenyl or naphthyl, and the remaining substituents are as 
defined for structure I. 

Within this genus there is a class of compounds wherein 

wherein: 
10 Y is 0. 

R1 is selected from the group consisting of 

(a) S(0)2CH3, 

(b) S(0)2NH2. 

(c) S(0)2NHC(0)CF3. 
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(d) S(0)(NfH)NH2, 

(e) S(0)(NH)NHC(0)CF3, 

(f) P(0)(CH3)NH2, 

(g) P(0)(CH3)2 

5 r2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

10 (3) Ci-4alkoxy, 

(4) Ci-4alkylthio, 

(5) CN, 

(6) CF3. 

(7) CMalkyl, 
15 (8) N3, 

(9) -C02H, 

(10) -C02-Ci-4alkyl, 

(11) -C(R5)(r6).oh, 

(12) -C(R5)(R6).o.Cl.4alkyl,and 
20 (13) -Ci.6alkyl-C02-R5, 

(14) benzyloxy, 

(15) -0-(Cl-4alkyl)-C02R5. 

(16) -0-(CMalkyl)-NR5R6; 

25 r3 is CH20R7 CN, CH2CN, or Cl-efluoroalkyl; 
R4is 

(a) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci-6alkyl, 

(4) Ci.6alkoxy, 

(5) Ci-6alkylthio, 

(6) CN, 

35 (7) CF3, 
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(8) N3, 

(9) -C(R5)(r6).0H. and 

(10) -C(R5)(R6).o.Ci.4alkyl, or 

(b) Cl-6alJcyl. CH20R7, CN. CH2CN. or Ci.6fluoroalkyl; or 
5 r3 and R4 together with the carbon to which they are attached forai a 
saturated monocyclic ring of 3. 4. 5, 6 or 7 atoms, optionally containing 
1 or 2 heteroatoms chosen independenUy from O, S, N, and optionally 
substituted by tetra-Rl2 

each r12 is independently selected from the group consisting of 
10 (a) hydrogen, 

(b) Cl.6alkyl, 

(c) phenyl or monosubstituted phenyl wherein the substituents 
may be halo, Cl.6alkyl, Cl.6alkoxy, Ci.6alkylthio, CN, or 
CF3, 

15 (d) benzyl or monosubstimted benzyl wherein die substituents 

may be halo. Cl-6alkyl, Cl.6alkoxy, Cl.6alkylthio, CN. or 
CF3, 

(e) -C02-alkyl, 
if) halo, 

20 r5, r6 and r7 are each independently selected from the group consisting 

(a) hydrogen, and 

(b) Cl.6alkyl, 

or R5 and R6 together with the carbon to which they are attached 
25 form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 

atoms. 

Within this class are the compounds wherein 
R1 is selected from the group consisting of 
(a) S(0)2CH3, 
30 (b) S(0)2NH2, 

R2 is selected from the group consisting of 

mono-, di- or tri-substimted phenyl or naphthyl wherein die 
substituent is selected from the group consisting of 
(1) hydrogen. 
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(2) halo, 

(3) CMalkoxy, 

(4) Cl-4alkylthio, 

(5) CN, 
5 (6) CF3, 

(7) CMalkyl, 

(8) N3,and 

(9) -C(R5)(r6).0H; 

R3 is CH20R7. CN, CH2CN, or Cl-Sfluoroalkyl; 
10 R4is 

(a) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 
15 (3) Cl-3alkyl, 

(4) Ci-3alkoxy, 

(5) Ci.4alkylthio, 

(6) CN. 

(7) CF3, or 

20 (b) Ci.3alkyl.CH20R7 CN,CH2CN,orCi.3fluoroalkyl; 

R5. r6 and r7 are each independently selected from the group consisting 

(a) hydrogen, and 

(b) Cl.3alkyL 

25 

Another genus of the invention encompasses compounds of 

formula lb 




lb 
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wherein 

Yis C(RlO)(Rll); 

r1 is selected from the group consisting of 
(a) S(0)2CH3, 
5 (b) S(0)2NH2. 

(c) S(0)2NHC(0)CF3. 

(d) S(0)(NH)NH2, 

(e) S(0)(NH)NHC(0)CF3, 

(f) P(0)(CH3)NH2. 
10 (g) P(0)(CH3)2 

r2 is selected from the group consisting of 
cyclohexyl, and 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 

15 



20 



25 



30 



(1) 


hydrogen. 


(2) 


halo. 


(3) 


Ci-6alkoxy, 


(4) 


Cl.6alkylthio, 


(5) 


CN, 


(6) 


CF3, 


(7) 


Cl-6alkyl, 


(8) 


N3, 


(9) 


-C02H, 


(10) 


-C02-CMalkyl, 


(11) 


-C(R5)(R6).oh, 


(12) 


-C(R5)(R6).o.Ci.4alkyl, and 


(13) 


-Cl.6alkyl-C02-R5; 


(14) 


benzyloxy. 


(15) 


-0-(Ci.6alkyl)-C02R5 


(16) 


-0-(Ci.6alkyl)-NR5R6 



R3 is CH20R7, CN, CH2CN, or Cl-6fluoroalkyl; 
R4is 

(a) substituted phenyl or substituted heteroaryl, said substituents 
35 are selected from the group consisting of 
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(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci.6alkyl, 

(4) Ci.6alkoxy, 
5 (5) Ci.6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o.Ci_4alkyl,or 
(b) Ci-6alkyI,CH20R7 CN.CH2CN,orCi.6fluoroaIkyl;or 

R^ and R4 together with the carbon to which they are attached form a 
saturated monocyclic ring of 3. 4, 5, 6 or 7 atoms, optionally containing 
1 or 2 heteroatoms chosen independently from O, S, N, and optionally 
substituted by tetra-R 12, 

each Rl2 is independently selected from the group consisting of 

(a) hydrogen, 

(b) Cl.6alkyl, 

(c) phenyl or monosubstituted phenyl wherein the substituents 
may be halo. Cl.6alkyl, Ci.6alkoxy, Cl.6alkylthio, CN, or 
CF3, 

(d) benzyl or monosubstituted benzyl wherein the substituents 
may be halo, Ci.6alkyl. Ci.6alkoxy, Ci-6alkylthio, CN. or 
CF3, 

25 (e) -C02-alkyl, 

(f) halo, 

R5, r6 and R7 are each independently selected from the group consisting 

(a) hydrogen, and 
30 (b) Cl.6alkyl. 

or r5 and r6 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

R 1 0 and R 1 1 are independently 



20 



wo 96/19469 



PCT/CA95/00715 



-16- 

(a) hydrogen , 

(b) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

5 (2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl.6alkyl, 

(4) Cl-6alkoxy, 

(5) Cl-6alkylthio, 

(6) CN. 

10 (7) CF3. 

(8) N3, 

(9) -C(Rl3)(Rl4).OH. and 

(10) -C(Rl3)(Rl4).o-Ci.4alkyl.or 

(c) Cl-7alkyl. CH20R7, CN, CH2CN, or Cl.6fluoroalkyl; or 
15 RIO and R 1 1 together with the carbon to which they are attached 

form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

R13 and r14 are independently selected from the group consisting of: 
(a) hydrogen, 
20 (b) Cl.6alkyl, or 

R 1 3 and R 1 4 together form a double bonded O or S . 



Within this genus are the compounds wherein: 
R1 is selected from the group consisting of 
25 (a) S(0)2CH3. 

(b) S(0)2NH2. 

(c) S(0)(NH)NH2. 

r2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
30 substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

(3) Cl.6alkoxy, 

(4) CMalkylthio, 
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10 



25 



(5) 


CN, 


(6) 


CF3, 


(7) 


Ci-4alkyl, 


(8) 


N3, 


(9) 


-C02H, 


(10) 


-C02-Ci-4alkyl, 


(11) 


-C(R5)(r6).oh, 


(12) 


-C(R5)(R6).o.CMalkyl, and 


(13) 


-Cl.4alkyl-C02-R5; 



R3 is CH20R7, CN, CH2CN, or Cl.6fluoroaIkyl; 
R^is 



(a) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) fluoro, chloro and bromo, 

(3) Ci-4alkyl, 

(4) Ci-4alkoxy, 

(5) Ci.4alkylthio, 
20 (6) CN, 

(7) CF3, or 

(b) CMalkyl,CH20R7 CN.CH2CN.orCMfluon)alkyl;or 
R^ and R4 together with the carbon to which they are attached fom a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 
1 or 2 heteroatoms chosen independentiy from O, S. N, and optionally 
substituted by tri-R 12 ^ 

each R 12 is independently selected from the group consisting of 

(a) hydrogen, 

(b) Ci.4alkyl, 

30 (c) phenyl or monosubstituted phenyl wherein the substituents 

may be halo, Ci.4alkyl, Ci.4alkoxy, Ci.6alkylthio, CN, or 

CF3, 

(d) benzyl or monosubstituted benzyl wherein the substituents 

"'^y ^^O' Cl.4alkyl, CMalkoxy, Cl.4alkylthio, CN, or 
35 CF3, 
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(e) -C02-Cl-4alkyl, 

(f) halo, 

R5,R6andR7 are each independently selected from the group consisting 
of 

5 (a) hydrogen, and 

(b) Cl-4alkyl, 

or and R^ together with the caifoon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 

atoms; 

10 R 10 and R 1 1 are independently 

(a) hydrogen , 

(b) substituted phenyl or substituted heteroaryl, said substitUents 
are selected from the group consisting of 

(1) hydrogen, 

15 (2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl-6alkyl, 

(4) Ci-6alkoxy, 

(5) Ci-6aIkylthio. 

(6) CN, 

20 (7) CF3, 

(c) Cl-4alkyl, CH20R7, CN, CH2CN, or Cl-4fluoroalkyl; or 
rIO and R1 1 together with the carbon to which they are attached 

form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

25 Rl3andRl4 are independently selected from the group consisting of: 

(a) hydrogen, 

(b) Cl.4alkyl. 

The invention is illustrated by the compounds of Examples 1 
through 14 as disclosed herein as well as the compounds of Table I 
30 through IV. 

For purposes of this specification, alkyl is defined to include 
linear, branched, and cyclic structures, with Cl.6alkyl including, but not 
restricted to, methyl, ethyl, propyl, 2-propyl, n-, i-, s- and t-butyl, pentyl, 
hexyl, 1,1-dimetiiylethyl, cyclopropyl, cyclobutyl, cyclopentyl and 
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cyclohexyl. Similarly. Ci.6alkoxy is intended to include alkoxy groups 
of from 1 to 6 carbon atoms of a straight, branched, or cyclic 
configuration. Examples of lower alkoxy groups include methoxy. 
ethoxy. propoxy, isopropoxy. cyclopropyloxy, cyclohexyloxy. and the 
5 hke. Likewise. Ci.6alkylthio is intended to include alkylthio groups of 
from 1 to 6 carbon atoms of a straight, branched or cyclic configuration 
Examples of lower alkylthio groups include methylthio, n-propyltfiio 
isopropylthio. cyclohexylthio. etc. By way of illustration, the propyltfiio 
group signifies -SCH2CH2CH3. Ci.6fluoroalkyl includes all^I groups 
1 0 of from 1 to 6 carbon atoms of a straight, branched or cyclic 

configuration, in which one or more hydrogen is replaced by fluorine 
Examples are -CHF2, CH2F. -CF3. -CH2CF3, c-pr-Ff, c-Hex-Fi 1. and 
the like. Halo includes F. CI. Br. or I. Heteroaryl includes furan. 
thiophene, pyrrole, isoxazole, isothiazole. pyrazole. oxazole, thiaLole 
15 imidazole, 1,2.3-oxadiazole. 1 ,2,3-thiadiazole, 1.2,3-triazole 13 4-' 
oxadiazole, 1.3.4-thiadiazole, 1 ,3,4-triazole, 1 .2.5.oxadiazole. 1,2,5- 
thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine. 1.2,4.triaz'ine. 
1,3,5-tnazine, 1,2,4,5-teu-azine, and the like. 

Exemplifying the invention are: 

(a) 5,5-Dimethyl-4-(4-(methylsulfonyl)phenyl)-3-(4. 
methoxyphenyl)-2-(5H)-furanone, 

(b) 5,5-Dimethyl-3-(3-methoxyphenyl)-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone, 

(c) 5,5-Dimethyl-3-(4-isopropylphenyl)-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone, 

(d) 5,5.Dimethyl-4-(4-(methylsulfonyl)phenyl).3-phenyl-2- 
(5H)-fiiranone. 

(e) 3-(Benzo[1.3]dioxol-5-yl)-5,5-dimethyl-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone. 

(0 5,5-Dimethyl-3-(4.methylphenyl)-4-(4- 
(methylsulfonyl)phenyl)-2-(5H).furanone, 

(g)5,5-Dimethyl-4-(4-(methylsulfonyl)phenyl)-3.(4- 
trifluoromethylphenyl)-2-(5H)-fiiranone. 
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(h) 5,5-Dimethyl-3-(3-methylphenyl)-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone, 

(i) 5,5-Dimethyl-3-cyclohexyl-4-(4-(methylsulfonyl) 
phenyl)-2-(5H)-furanone, 

(j) 4-(4-(Methylsulfonyl)phenyl)-3-phenyl-l-oxa- 
spiro[4,4]non-3-en-2-one, 

(k)5,5-Dimethyl-3-(4-(methylsulfonyl)phenyl)-2- 
phenylocyclopent-2-enone, 

(1) 4,4-Dimethyl-3-(4-(inethylsulfonyl)phenyl)-2-phenyl- 
cyclopent-2-enone, 

(m) 7-(4-(methylsulfonyl)phenyl)-6-phenyl-4-oxa- 
spiro[2.4]-hept-6-en-5-one, and 
(n) 5,5-Bis(fluoroinethyl)-3-phenyl-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone. 

Also exemplifying the invention are the compounds of 
Examples 15-41. 

Some of the compounds described herein contain one or 
20 more asymmetric centers and may thus give rise to diastereomers and 
optical isomers. The present invention is meant to comprehend such 
possible diastereomers as well as their racemic and resolved, 
enantiomerically pure forms and pharmaceutically acceptable salts 
thereof. 

25 Some of the compounds described herein contain olefinic 

double bonds, and unless specified otherwise, are meant to include both E 
and Z geometric isomers. 

In a second embodiment, the invention encompasses 
30 pharmaceutical compositions for inhibiting cyclooxygenase and for 
treating cyclooxygenase mediated diseases as disclosed herein 
comprising a pharmaceutically acceptable carrier and a non-toxic 
therapeutically effective amount of compound of formula I as described 
above. 
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Within this embodiment the invention encompasses 
phannaceutical compositions for inhibiting cyclooxygenase-2 and for 
treating cyclooxygenase-2 mediated diseases as disclosed herein 
comprising a pharmaceutically acceptable carrier and a non-toxic 
5 therapeutically effective amount of compound of fonnula I as described 
above. 

In a third embodiment, the invention encompasses a method 
of inhibiting cyclooxygenase and treating cyclooxygenase mediated 
diseases, advantageously treated by an active agent that selectively 
10 inhibits COX-2 in preference to COX-1 as disclosed herein comprising: 
administration to a patient in need of such treatment of a non-toxic 
therapeutically effective amount of a compound of Fonnula I as disclosed 
herein. 

The pharmaceutical compositions of the present invention 
1 5 comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt, thereof, and may also contain a 
phannaceutically acceptable carrier and optionally other therapeutic 
ingredients. The term "pharmaceutically acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic bases including 

20 inorganic bases and organic bases. Salts derived from inorganic bases 
include aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, 
magnesium, manganic salts, manganous, potassium, sodium, zinc, and ' 
the like. Particularly preferred are the ammonium, calcium, magnesium, 
potassium, and sodium salts. Salts derived from pharmaceutically 

25 acceptable organic non-toxic bases include salts of primary, secondary, 
and tertiary amines, substituted amines including naturally occurring 
substituted amines, cyclic amines, and basic ion exchange resins, such as 
arginine, betaine, caffeine, choline, N,N-dibenzylethylenediamine, 
diethylamine. 2-diethylaminoethanol, 2^imethylaminoethanol, 

30 ethanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine. 
glucamine, glucosamine, histidine. hydrabamine. isopropylamine, lysiiie, 
methylglucamine. morpholine, piperazine. piperidine, polyamine resins, 
procaine, purines, theobromine, triethylamine, trimethylamine, 
tripropylamine, tromethamine, and the like. 
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It wm be understood that in the discussion of methods of 
treatment which follows, references to the compounds of Formula I are 
meant to also include the pharmaceutically acceptable salts. 

The Compound of Formula I is useful for the relief of pain, 
5 fever and inflammation of a variety of conditions including rheumatic 
fever, symptoms associated with influenza or other viral infections, 
common cold, low back and neck pain, dysmenorrhea, headache, 
toothache, sprains and strains, myositis, neuralgia, synovitis, arthritis, 
including rheumatoid arthritis, degenerative joint diseases (osteoarthritis), 
1 0 gout and ankylosing spondylitis, bursitis, bums, injuries, foUowing 
surgical and dental procedures. In addition, such a compound may 
inhibit cellular neoplastic transformations and metastic tumor growth and 
hence can be used in the treatment of cancer. Compound I may also be of 
use in the treatment and/or prevention of cyclooxygenase-mediated 
1 5 proliferative disorders such as may occur in diabetic retinopathy and 
tumour angiogenesis. 

Compound I will also inhibit prostanoid-induced smooth 
muscle contraction by preventing the synthesis of contractile prostanoids 
and hence may be of use in the treatment of dysmenorrhea, premature 
20 labor, asthma and eosinophil related disorders. It will also be of use in 
the treatment of Alzheimer's disease, and for die prevention of bone loss 
(treatment of osteoporosis). 

By virtue of its high cyclooxygenase-2 (COX-2) activity 
and/or its specificity for cyclooxygenase-2 over cyclooxygenase-1 (COX- 
25 1 ), Compound I will prove useful as an alternative to conventional non- 
steroidal antiinflammatory dmgs (NSAID'S) particularly where such non- 
steroidal antiinflanmiatory drags may be contra-indicated such as in 
patients with peptic ulcers, gastritis, regional enteritis, ulcerative colitis, 
diverticulitis or with a recurrent history of gastrointestinal lesions; GI 
30 bleeding, coagulation disorders including anemia such as 

hypoprothrombinemia, haemophilia or other bleeding problems; kidney 
disease; those prior to surgery or taking anticoagulants. 

Similarly, Compound I, will be useful as a partial or 
complete substitute for conventional NSAID'S in preparations wherein 
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they are presently co-administered with other agents or ingredients. Thus 
in further aspects, the invention encompasses pharmaceutical 
compositions for treating cyclooxygenase-2 mediated diseases as defined 
above comprising a non-toxic therapeutically effective amount of the 
5 compound of Formula I as defined above and one or more ingredients 
such as another pain reliever including acetominophen or phenacetin; a 
potentiator including caffeine; an H2-antagonist, aluminum or 
magnesium hydroxide, sunethicone, a decongestant including 
phenylephrine, phenylpropanolamine, pseudophedrine, oxymetazoline, 

10 ephinephrine, naphazoline, xylometazoline, pix)pylhexedrine, or levo- 
desoxyephedrine; an antiimssive including codeine, hydrocodone, 
caramiphen, carbetapentane, or dextramethorphan; a diuretic; a sedating 
or non-sedating antihistamine. In addition the invention encompasses a 
method of treating cyclooxygenase mediated diseases comprising: 

1 5 administration to a patient in need of such treatment a non-toxic 

therapeutically effect amount of the compound of Formula I, optionally 
co-administered with one or more of such ingredients as listed 
immediately above. 

For the treatment of any of these cyclooxygenase mediated 
20 diseases Compound 1 may be administered orally, topically, parenterally, 
by inhalation spray or rectally in dosage unit formulations containing 
conventional non-toxic pharmaceutically acceptable carriers, adjuvants 
and vehicles. The term parenteral as used herein includes subcutaneous 
injections, intravenous, intramuscular, intrastemal injection or infusion 
25 techniques. In addition to the treatment of warm-blooded animals such as 
mice, rats, horses, cattle sheep, dogs, cats, etc., the compound of the 
invention is effective in the treatment of humans. 

As indicated above, pharmaceutical compositions for 
treating cyclooxygenase-2 mediated diseases as defined may optionally 
30 include one or more ingredients as listed above. 

The pharmaceutical compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. 
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Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
5 agents, coloring agents and preserving agents in order to provide 

pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be, for example, inert diluents, such as calcium 
1 0 carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
phosphate; granulating and disintegrating agents, for example, com 
starch, or alginic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by 
15 known techniques to delay disintegration and absorption in the 

gastrointestinal tract and thereby provide a sustained action over a longer 
period. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by the 
technique described in the U.S. Patent 4,256,108; 4,166,452; and 
20 4,265,874 to form osmotic therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard 
gelatin capsules wherein the active ingredient is mixed with an inert solid 
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or 
as soft gelatin capsules wherein the active ingredients is mixed with 
25 water or miscible solvents such as propylene glycol, PEGs and ethanol, 
or an oil medium, for example peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain the active material in 
admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example, sodium 
JO carboxymethylcellulose, methylcellulose, hydroxy-propylmethycellulose, 
sodium alginate, polyvinyl-pyixolidone, gum tragacanth and gum acacia; 
dispersing or wetting agents may be a namrally-occurring phosphatide, 
for example lecithin, or condensation products of an alkylene oxide with 
fatty acids, for example polyoxyethylene stearate, or condensation 
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products of ethylene oxide with long chain aliphatic alcohols, for 
example heptadecaethyleneoxycetanol, or condensation products of 
ethylene oxide with partial esters derived from fatty acids and a hexitol 
such as polyoxyethylene sorbitol monooleate, or condensation products 
5 of ethylene oxide with partial esters derived from fatty acids and hexitol 
anhydrides, for example polyethylene sorbitan monooleate. The aqueous 
suspensions may also contain one or more preservatives, for example 
ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents, one 
or more flavoring agents, and one or more sweetening agents, such as 
10 sucrose, saccharin or aspartame. 

Oily suspensions may be formulated by suspending the 
active ingredient in a vegetable oil, for example, arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example, beeswax, 
15 hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 
above, and flavoring agents may be added to provide a palatable oral 
preparation. These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of 
20 an aqueous suspension by the addition of water provide the active 

ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example, sweetening, flavoring and 
25 coloring agents, may also be present. 

The pharmaceutical compositions of the invention may also 
be in the form of an oil-in-water emulsions. The oily phase may be a 
vegetable oil, for example, olive oil or arachis oil. or a mineral oil, for 
example, liquid paraffin or mixtures of these. Suitable emulsifying 
30 agents may be naturally-occurring phosphatides, for example, soy bean, 
lecithin, and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example, sorbitan monooleate, and condensation products 
of the said partial esters with ethylene oxide, for example, polyoxy- 
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ethylene sorbitan monooleate. The emulsions may also contain 
sweetening and flavouring agents. 

Syrups and elixirs may be formulated with sweetening 
agents, for example, glycerol, propylene glycol, sorbitol or sucrose. Such 
5 formulations may also contain a demulcent, a preservative and flavoring 
and coloring agents. The pharmaceutical compositions may be in the 
form of a sterile injectable aqueous or oleagenous suspension. This 
suspension may be formulated according to the known art using those 
suitable dispersing or wetting agents and suspending agents which have 

10 been mentioned above. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a non-toxic parenterally- 
acceptable diluent or solvent, for example, as a solution in 1,3-butane 
diol. Among the acceptable vehicles and solvents that may be employed 
are water. Ringer's solution and isotonic sodium chloride solution. 

1 5 Cosol vents such as ethanol, propylene glycol or polyethylene glycols 
may also be used. In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this purpose any 
bland fixed oil may be employed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oleic acid find use in the 

20 preparation of injectables. 

Compound I may also be administered in the form of a 
suppositories for rectal administration of the drug. These compositions 
can be prepared by mixing the drug with a suitable non-irritating 
excipient which is solid at ordinary temperatures but liquid at the rectal 

25 temperature and will therefore melt in the rectum to release the drug. 
Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, gels, solutions or 
suspensions, etc., containing the compound of Formula I are employed. 
(For purposes of this application, topical application shall include mouth 

30 washes and gargles.) Topical formulations may generally be comprised 
of a pharmaceutical carrier, cosolvent, emulsifier, penetration enhancer, 
preservative system, and emollient. 

Dosage levels of the order of from about 0.01 mg to about 
140 mg/kg of body weight per day are useful in the treatment of the 



wo 96/19469 



PCT/CA9SW071S 



-27 



above-indicated conditions, or alternatively about 0.5 mg to about 7 g per 
patient per day. For example, inflammation may be effectively treated by 
tfie admmistration of from about 0.01 to 50 mg of the compound per 
kilogram of body weight per day, or alternatively about 0.5 mg to about 
3 3.5 g per patient per day. 

The amount of active ingredient that may be combined with 
the earner materials to produce a single dosage form will vary depending 
upon the host treated and the particular mode of administration For 
example, a formulation intended for the oral administration of humans 

10 may contain from 0.5 mg to 5 g of active agent compounded with an 
appropnate and convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit 
forms will generally contain between from about 1 mg to about 500 mg 

1 s It ^Pi^^iy 25 mg, 50 mg. 100 mg. 200 mg. 300 mg. 

15 400mg,500mg,600mg,800mg,orl000mg. 

It will be understood, however, that tiie specific dose level 
for any particular patient will depend upon a variety of factor including 
the age body weight, general health, sex, diet, time of administration 
route of administration, rate of excretion, drug combination and the ' 

li) seventy of the particular disease undergoing therapy 
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The compounds of the present invention can be prepared 
according to the following methods. 

METHOD A 

5 Friedel-Crafts-type acylation of thioanisole with an 

appropriate acid chloride provides ketone 1. A mixture of 1, an aqueous 
base such as NaOH, an organic solvent such as CCl4/toluene and a phase 
transfer catalyst such as Aliquat 333™ is stirred in air at room 
temperature to provide 2. Acylation of 2 with an appropriately 

10 substitoted aryl acetic acid chloride in the presence a base such as 

pyridine followed by treatment with DBU affords lactone 3. Oxidation of 
3 with OXONE™ or a peracid such as MMPP yields the final product 4 
(Ra=Me). Alternatively, compound 2 can be oxidized with OXONE™ or 
a peracid such as MMPP to its corresponding sulfone 5 (Ra=Me), which 

15 can then be acylated and cyclized under the same conditions as described 
for 2 to give the final product 4. By methods known in the art, the -SMe 
group of 2 or 3 can be converted to the -SO2NH2 group. 
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METHOD A 

CI 




Reaction ofa 4,4-disubstituted-2-cyclopenten-l -one with 
iodine in pyridine and an inert solvent provides iodide 6, which can be 
coupled with an appropriately substituted aryl boronic acid in the 
presence of a Pd** catalyst to give enone 7. Addition of 4- 
methylthiophenyllithium to 7 affords allylic alcohol 8, which, upon 
oxidation with PCC or PDC, can be transformed to enone 9. Oxidation 
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of 9 with OXONETM or a peracid such as MMPP provides the desired 
product 10. "At" is as defined for r2 (c) and (d). 

METHOD B 




8 9 

SOsMe 



MMPP 




10 

5 

Method r 

2,2-Disubstituted pent-4-enal (prepared by the method 
described by P. D. Magnus and M. S. Nobbs, Syn. Comm. 1980, 10, 273) 
10 is reacted with an appropriate organometalhc reagent to provide alcohol 
11, which can then be oxidized to ketone 12. Ketone 12 is subjected to 
ozonolysis, followed by treatment with a base such as DBU, to afford 
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cyclic enone 13. Addition of 4-methylthiophenyllithium to 13 gives 
allylic alcohol 14. Oxidation of 14 with MMPP introduces the required 
methylsulfonyl group in 15. Oxidation of 15 with PCC affords the final 
product 16. "Ar" in Method C is as defined for r2 (c) and (d). 

METHOD C 




16 



METHOD D: 
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An appropriately substituted phenyl bromomethyl ketone 17 
is reacted with an appropriately substituted acetic acid m a solvent such 
as acetonitrile in the presence of a base such as triethylamine and then 
treated with DBU to afford lactone 18. Lactone 18 is reacted with an 
5 excess of aqueous formaldehyde solution in the presence of a base such 
as K2CO3 in an inert solvent to provide a mixnire of alcohols 19 and 20, 
which are separated by silica gel chromatography. Alcohol 19 is then 
treated with methanesulfonyl chloride and a base to yield compound 21. 
Cyclopropanation of 21 with RI22CN2 can be accomplished using a 
10 palladium or rhodium catalyst or with RI22CHX and a base to afford the 
desired product 22. 
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METHOD D 




aq.HCHO 
Base 



19 20 



MeS(0)2CI 
Base 




X is CI. Br. or I 

METHOD E: 
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The diol 20, obtained in Method D, is treated with excess 
Et2NSF3 in an inert solvent such as CH2CI2 to provide the desired 
product 23. 

METHOD E 




5 20 23 

Method F 

Arylmethyl ether 24, obtained in Method A, may be 
demethylated by treatment with BBr3. Treatment of the resulting phenol 

10 26 with NaH in DMF followed by treatment with mediyl bromoacetate 
provides ester 26, which may be hydrolized under alkaline conditions to 
provide acid 27. Friedel-Crafts cyclization of 27 in PPA provides cyclic 
ketone 28. This ketone may be alkylated by enolization with LDA 
followed by quenching with electrophile R^-X. This process may be 

1 5 repeated with electrophile R^-X to provide a mono- or di-alkylated 
ketone 29. 
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METHOD F 




Phenol 25 may be treated with NaH in DMF and then 
alkylated with an allylic bromide to give ether 30. Claisen rearrangement 
of 30 under thermal conditions gives orf/io-allyl phenol 31. Oxidation of 
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the double bond in 31 with OSO4/NMO followed by cleavage with 
NaI04 provides the lactol 32. Jones oxidation then provides lactone 33. 

METHOD G 




33 



Method H 

Acid 27 is transformed to acid chloride 34 by treatment with 
1 0 oxalyl chloride in the presence of catalytic DMF. Treatment of 35 with 
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two types of Grignard reagent. R5MgX and R6MgX, gives tertiary 
alcohol 35. Cyclization of 35 with a Lewis acid then provides ether 36. 



METHOD H 




27 



SOgMe 



(CICO); 



t O 



O COoH 




34 



SOsMe 



1. R^MgX 



2. R^MgX 



COoCI 



SOsMe 



Lewis acid 




SOsMe 




36 



10 



Method T 

Lactol 32 may be treated with EtaSiH in TFA to provide 
cyclic ether 36. 



METHOD I 



SOoMe 
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Olefin 31 may be hydroborated with (Sia)2BH followed by 
peroxide oxidation to give tenninal alcohol 37. Jones oxidation 
5 accompanied by lactonization provides lactone 38. 

METHOD J 




10 



A mixture of phenol 25 and an alkyl or benzylic halide R-X 
in DMF may be treated with NaH to give ether 39. 
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METHOD K 




25 : 

(R = alkyi, cycloalkyi or benzyl) 



An arylhalide or aiyl inflate 40 may be treated with a vinyl 
5 boronate or a trialkylstannylacetylene in the presence of a Pd* catalyst to 
provide the corresponding vinylic or acetylenic aromatics 41. 

METHOD L 




40 41 

(X = Br. I or OTf; R = alkyl. cycloalkyi or aryl) 



Method M 

5-VaIerolactam may be treated with NaH in DMF in the 
presence of methyl bromoacetate to give ester 42. This is hydrolized 
under basic conditions to give acid 43 which can be coupled with alcohol 
5 under DCC/DMAP conditions to give ester 44. Treatment with NaH 
gives lactone 45 which, when treated with excess LiAlH4 gives 
aminodiol 46. Oxidation of 46 then provides amino lactone 47. 



10 



15 
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METHOD N 



10 



15 



Esterification of 1 -hydroxy-cyclobutanecarboxylic acid with 
diazomethane provides ester 48 which can be acylated with an 
appropiately substituted aryl acetic acid chloride in the presence of a base 
such as pyridine followed by treatment with DBU to afford lactone 49. 
Treatment of 49 with trifluoromethanesulfonic anhydride in the presence 
of a base such as triethylamine gives triflate 50. Cross-coupling of 50 
with 4-(methylthio)benzeneboronic acid under palladium catalysis gives 
product 51. By methods known in the art, the -SMe group of 51 can be 
oxidized to the corresponding sulfone 52 (R, = Me) or it can be converted 
to the -SO2NH2 group. 



METHOD N 



9 



CH, 



HO CO,H 




SOgRa 



52 

Ra = Me or NHg 



CIOC^R^ 



HO CO2CH3 



base 



48 



O 
49 




SMe 



OH 
R2 



TizO 
base 



Pd" 



O^OSOgCFg 

SMe °ylR2 



r^R2 ^^^SMe \ 

(H0)2B'^ 
51 50 
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Reoresentarive Compounds 

Tables I and II illustrate novel compounds of the 
5 present invention. Tables III and IV illustrate compounds of fonnula I, 
which are representative of the present invention. 
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Table I fcontimiftH^ 
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Table I (cnntimiftri) 

Example 



SOgMe 



15 



Method 



K 



K 



16 
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Table IV 




Example 18 Example 19 Method N 

^^^^^^S02Me ^#^^S02Me 
Me r T r \ 1 H 
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Table IVrcontiniieri) 
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Table VT 




Example Method 



23 N 




SOgMe 



24 N 



SOsMe 




25 N 



SOgMe 
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TableVI fcont V 



Example Method 
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Table Vn 




Example Method 



30 A 



SOoMe 




31 A 



SOaMe 




32 A 



SOgMe 



CI 




33 A 



SOzMe 
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TableVTTfrnT^^) 
Example Method 
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Assavs for deter mining Biological Activity 

The compound of Formula I can be tested using the 
following assays to determine their cyclooxygenase-2 inhibiting activity. 

5 

Inhibition of Cvclooxv penase Activity 

Compounds were tested as inhibitors of cyclooxygenase 
activity in whole cell cyclooxygenase assays. Both of these assays 

10 measured prostaglandin E2 synthesis in response to arachidonic acid, 
using a radioimmunoassay. Cells used for these assays were human 
osteosarcoma 143 cells (which specifically express cyclooxygenase-2) 
and human U-937 cells (which specifically express cyclooxygenase- 1). 
In these assays, 100% activity is defined as the difference between 

15 prostaglandin E2 synthesis in the absence and presence of arachidonate. 

Assay 

For cyclooxygenase assays, osteosarcoma cells are cultured 
in 1 mL of media in 24- well mukidishes (Nunclon) until confluent (1-2 x 

20 105 cells/well). U-937 cells are grown in spinner flasks and resuspended 
to a final density of 1.5 x 106 cells/mL in 24- well mukidishes (Nunclon). 
Following washing and resuspension of osteosarcoma and U-937 cells in 
1 mL of HBSS, 1 jiL of a DMSO solution of test compound or DMSO 
vehicle is added, and samples gently mixed. All assays are performed in 

25 triplicate. Samples are then incubated for 5 or 1 5 minutes at 37*C, prior 
to the addition of arachidonic acid. Arachidonic acid (peroxide-free. 
Cayman Chemical) is prepared as a 10 mM stock solution in ethanol and 
further diluted 10-fold in HBSS. An aliquot of 10 nL of this diluted 
solution is added to the cells to give a final arachidonic acid 

30 concentration of 10 ^.M. Control samples are incubated with ethanol 
vehicle instead of arachidonic acid. Samples are again gently mixed and 
incubated for a further 10 min at 37°C. For osteosarcoma cells, reactions 
are then stopped by the addition of 100 of IN HCl with mixing and by 
the rapid removal of the solution from cell monolayers. For U-937 cells. 
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10 



15 



20 



25 



30 



reactions are stopped by the addition of 100 |lL of IN HCl with mixing 
Samples are then neutrahzed by the addition of 100 jiL of IN NaOH and 
PGE2 levels measured by radioimmunoassay. 

Rat Paw FHpn^a Acc^ y . Prnfnml 

Male Sprague-Dawley rats (150 - 200 g) were fasted 
overnight and were given po either vehicle (1 % methocel or 5% Tween 
80) or a test compound. One hr later, a line was drawn using a pennanent 
marker at the level above the ankle in one hind paw to define the area of 
the paw to be momtored. The paw volume (Vq) was measured using a 
plethysmometer (Ugo-Basile, Italy) based on the principle of water 
displacement. The animals were then injected subplantarly with 50 lU of 
1% carrageenan solution in saline (FMC Coip, Maine) into the paw using 
an msuhn syringe with a 25-gauge needle (i.e. 500 ng carrageenan per 
paw). Three hr later, the paw volume (V3) was measured and the 
mcreases in paw volume (V3 - Vo) were calculated. The animals were 
sacrificed by CO2 aphyxiation and the absence or presence of stomach 
lesions scored. Data were compared with the vehicle-control values and 
percent inhibition calculated. Since a maximum of 60-70% inhibition 
(paw edema) was obtained with standard NSAIDs, ED30 values were 
used for comparison. All treatmem groups were coded to eliminate 
observer bias. 

NSAID-Tnduced nastrnp^ athv in RaK 

The major side effect of conventional NSAIDs is their 
abihty to produce gastric lesions in man. This action is believed to be 
caused by inhibition of COX-1 in the gastrointestinal tract. Rats are 
particulariy sensitive to the actions of NSAIDS. In fact, rat models have 
been used commonly in the past to evaluate the gastrointestinal side 
effects of cuirem conventional NSAIDs. In the presem assay, NSAID- 
mduced gastrointestinal damage is observed by measuring fecal 51cr 
excreuon after systemic injection of 5 ICr-labeled red blood cells Fecal 
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^^Cr excretion is a well-established and sensitive technique to detect 
gastrointestinal integrity in animals and man. 
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Male Sprague Dawley rats (150 - 200 g) are administered 
orally a test compound either once (acute dosing) or b.i.d. for 5 days 
(chronic dosing). Immediately after the administration of the last dose 
5 the rats ate injected via a tail vein with 0.5 mL of 5 ICr-labeled red bloi)d 
cells from a donor rat. The animals are placed individually in 
metabolism cages with food and water ad lib. Feces are collected for a 48 
h penod and 5 ICr fecal excretion is calculated as a percent of total 
injected dose. 

51cr-labeled red blood cells are prepared using the 
following procedures. Ten mL of blood is collected in heparinized tubes 
via the vena cava from a donor rat. Plasma is removed by centrifugation 
and replemshed with equal volume of HBSS. The red blood cells are 
incubated with 400 \iCx of sodium Slchromate for 30 min at 37»C At 
15 the end of the incubation, the red blood cells are washed twice with 20 
mL HBSS to remove free sodium 51chromate. The red blood cells are 
finally reconstituted in 10 mL HBSS and 0.5 mL of the solution (about 20 
flCi) IS injected per rat. 

2^ PrQtCin-Ix>Sing Gastropathy in SqiiirrPl Mnnl^^yo 

Protein-losing gastropathy (manifested as appearance of 
cirulating cells and plasma proteins in the GI tract) is a significant and 
dose-hmiung adverse response to standard NSAIDs. This can be 
quanutatively assessed by intravenous administration of 51CiCl3 
solution. This isotopic ion can avidly bind to cell and serum globins and 
cell endoplasmic reticulum. Measurement of radioactivity appearing in 
feces collected for 24 h after administration of the isotope thus provides a 
sensitive and quantitative index of protein-losing gastropathy 



25 



Groups of male squirrel monkeys (0.8 to 1 .4 kg) are treated 
by gavage with either 1 % methocel or 5% Tween 80 in H2O vehicles. (3 
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mL/kg b.i.d.) or test compounds at doses from 1-100 mg/kg b.i.d. for 5 
days. Intravenous 51Cr (5 ^Ci/kg in 1 ml/kg PBS) is administered 1 h 
after the last drug/vehicle dose, and feces collected for 24 h in a 
metabolism cage and assessed for excreted 51Cr by gamma-counting. 
5 Venous blood is sampled 1 h and 8 h after the last drug dose, and plasma 
concentrations of drug measured by RP-HPLC. 

Human Whole RlnoH Assay 
10 Rationale 

Human whole blood provides a protein and cell-rich milieu 
appropriate for the study of biochemical efficacy of anti-inflammatory 
compounds such as selective Cox-2 inhibitors. Studies have shown that 
normal human blood does not contain the Cox-2 enzyme. This is 

15 consistent with the observation that Cox-2 inhibitors have no effect on 
PGE2 production in normal blood. These inhibitors are active only after 
incubation of human whole blood with LPS (lipopolysaccharide), which 
induces Cox-2. This assay can be used to evaluate the inhibitory effect of 
selective Cox-2 inhibitors on PGE2 production. As well, platelets in 

20 whole blood contain a large amount of the Cox-1 enzyme. Immediately 
following blood clotting, platelets are activated through a thrombin- 
mediated mechanism. This reaction results in the production of 
thromboxane B2 (TxB2) via activation of Cox-1. Thus, the effect of test 
compounds on TxB2 levels levels following blood clotting can be 

25 examined and used as an index for Cox-1 activity. Therefore, the degree 
of selectivity by the test compound can be determined by measuring the 
levels of PGE2 after LPS induction (Cox-2) and TxB2 following blood 
clotting (Cox-1) in the same assay. 

30 METHOD 

A. Cox-2 (LPS-induced PGE2 production) 

Fresh blood was collected in heparinized tubes by 
venipuncture from both male and female volunteers. The subjects had no 
apparent inflammatory conditions and had not taken any NSAIDs for at 
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least 7 days prior to blood collection. Plasma was immediately obtained 
from a 2mL blood aliquot to use as blank (basal levels of PGE2). The 
remaining blood was incubated with LPS (100 ng/ml final concentration, 
Sigma Chcm, #L-2630 from E. coli; diluted in 0.1% BSA-Phosphate 
buffered saline) for 5 minutes at room temperature. Five hundred \lL 
aliquots of blood were incubated with either 2 \lL vehicle (DMSO) or 2 
\lL of a test compound at final concentrations varying from lOnM to 
30^M for 24 hours at 37 ^C. At the end of the incubation, the blood was 
centrifuged at 12,000 x g for 5 minutes to obtain plasma. A 100 ^L 
aliquot of plasma was mixed with 400 \lL of methanol for protein 
precipitation. The supernatant was obtained and was assayed for PGE2 
using a radioimmunoassay kit (Amersham, RPA#530) after conversion of 
PGE2 to its methyl oximate derivative according to the manufacturer's 
procedure. 



B. Cox- 1 (Clotting-induced TxB2 production) 

Fresh blood was collected into vacutainers containing no 
anticoagulants. Aliquots of 500 were immediately transferred to 
siliconized microcentrifuge tubes preloaded with 2 ^iL of either DMSO or 

20 a test compound at final concentrations varying from lOnM to 30 ^iM. 
The tubes were voitexed and incubated at 37 ^C for 1 hour to allow blood 
to clot. At the end of incubation, serum was obtained by centrifugation 
(12.000 X g for 5 min.). A 100 ^iL aliquot of serum was mixed with 400 
\lL of methanol for protein precipitation. The supernatant was obtained 

25 and was assayed for TxB2 using a enzyme immunoassay kit (Cayman, 
#519031) according to the manufacturer's instruction. 

Represent ative Biolopical Data 

Compounds of the present invention are inhibitors of 
cyclooxygenase-2 and are thereby useful in the treatment of 
cyclooxygenase-2 mediated diseases as enumerated above. The activities 
of the compounds against cyclooxygenase may be seen in the 
representative results shown below. In the assay, inhibition is determined 
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by measuring the amount of prostaglandin E2 (PGE2) synthesized in the 
presence of aiachidonic acid, cyclooxygenase-1 qi cyclooxygenase-2 and 
a putative inhibitor. The IC50 values represent the concentration of 
putative inhibitor required to return PGE2 synthesis to 50% of that 
5 obtained as compared to the uninhibited control. 

The results for inhibition of PGE2 production may be 

seen in Table V. 



10 



Table V 

HWB Cox-2 HWB Cox-1 Rat Paw Edema 

Example ICso(mM) ICsoCjiM) ED30(mg^g) 

2 0.81 >30 0.30 

4 0.17 >30 0.26 

10 0.37 30 0.41 

11 0.06 2.2 1.17 

13 0.60 >30 0.30 

14 1.1 >30 0.62 



The following abbreviations have the indic ated meaninys 



15 



20 



25 



Ac = 


acetyl 


AIBN = 


2.2--azobisisobutyronitrile 


Bn = 


benzyl 


DBU = 


diazabicyclo[5.4.0]undec-7-ene 


DCC = 


1 ,3-dicyclohexylcarbodiiniide 


DMAP= 


4-(dimethylamino)pyridine 


DMF = 


N,N-dimethylformamide 


DMSO= 


dimethyl sulfoxide 


Et3N = 


triethylamine 


Fur = 


furandiyl 


HBSS = 


Hank's balanced salt solution 


HWB = 


human whole blood 


KHMDS= 


potassium hexamethyldisilazane 
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15 
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LDA = 
MMPP= 
Ms = 
MsO = 
NBS = 
NCS = 
NIS = 
NSAID= 
PCC = 
PDC = 
Ph = 
Phe = 
PPA = 
Pye = 
r.t. = 
rac. s 
Tf = 
TFA = 
TfO = 
Th = 
THF = 
Thi = 
TLC = 
Ts = 
TsO = 
Tz = 
C3H5 = 



lithium diisopropylamide 

magnesium monoperoxyphthalate 

methanesulfonyl = mesyl 

methanesulfonate = mesylate 

N-bromosuccinimide 

N-chlorosuccinimide 

N-iodosuccinimide 

non-steroidal anti-inflanmiatory drug 

pyridinium chlorochromate 

pyridinium dichromate 

phenyl 

benzenediyl 

polyphosphoric acid 

pyridinediyl 

room temperature 

racemic 



trifluoromedianesulfonyl = triflyl 
trifluoroacetic acid 

trifluoromethanesulfonate = triflate 
2- or 3-thienyl 

tetrahydrofiiran 

thiophenediyl 

thin layer chromatography 

p-toluenesulfonyl = tosyl 

p-toluenesulfonate = tosylate 

lH(or2H)-tetrazol-5.yl 
allyl 

-S02Me= methyl sulfone 
-S02NH2= sulfonamide 

Alkvl group abbreviarinn,Q 

Me s= methyl 

Et = ethyl 

n-Pr = normal propyl 
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i-Pr = 


isopropyl 


n-Bu = 


normal butyl 


i-Bu = 


isobutyl 


s-Bu = 


secondary butyl 


t-Bu = 


tertiary butyl 


c-Pr = 


cyclopropyl 


c-Bu = 


cyclobutyl 


c-Pen = 


cyclopentyl 


c-Hex = 


cyclohexyl 



10 

The invention will now be illustrated by the following non- 
limiting examples in which, unless stated otherwise: 



(i) all operations were carried out at room or ambient 

15 temperamre, that is, at a temperature in the range 18-25*'C; 

(ii) evaporation of solvent was carried out using a rotary 
evaporator under reduced pressure (600-4000 pascals: 4.5- 
30 nun Hg) with a bath temperature of up to 60^*0; 

(iii) he course of reactions was followed by thin layer 

20 chromatography (TLC) and reaction times are given for 

illustration only; (iv) melting points are uncorrected and 'd' 
indicates decomposition; the melting points given are those 
obtained for the materials prepared as described; 
polymorphism may result in isolation of materials with 

25 different melting points in some preparations; 

(v) the structure and purity of all final products were assured by 
at least one of the following techniques: TIX:, mass 
spectrometry, nuclear magnetic resonance (NMR) 
spectrometry or microanalytical data; 

30 (vi) yields are given for illustration only; 

(vii) when given, NMR data is in the form of delta (5) values for 
major diagnostic protons, given in parts per million (ppm) 
relative to tetramethylsilane (TMS) as internal standard, 
determined at 300 MHz or 400 MHz using the indicated 
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solvent; conventional abbreviations used for signal shape 
are: s. singlet; d. doublet; t. triplet; m. multiplet; br. broad- 
etc.: m addition "Ar" signifies an aromatic signal; 
(viii) chemical symbols have their usual meanings; the following 
abbreviations have also been used v (volume), w (weight), 
b.p. (boiling point), m.p. (melting point), L (liter(s)), mL ' 
(milliliters), g (gram(s)). mg (milligrams(s)). mol (moles), 
mmol (millimoles). eq (equivalent(s)). 

EXAMPTR1 

5,5-Dim?thYl-4-f4-(mefhvlsulfonvnnhenvn-^-rd-^..K»^ yrU^ . 
(5//)-furflnn^P 

2-Methvl- 1 -(4-(methvlthio)p^.nyi vnrnp;>n- 1 .^n. 
To a suspension of aluminum chloride (1 36 g. 1 .02 mol) in 
chlorofonn (1.0 L) cooled to -10 «C, was added dropwise 
isobutyiylchloride (1 15 mL. 1.10 mol). Then thioanisole (100 mL 0 85 
mol) was added dropwise. Upon completion of addition the reaction was 
allowed to proceed at r.t. for 1.5h. The reaction was cooled to 10 «C and 
quenched by addition of water (750 mL). The organic layer was 
separated, washed with water (2 x 500 mL). saturated NaHCOs 
solution(2 X 500 mL), brine (1 x 500 mL), and tiien dried over Na2S04 
After concentration in vacuo., die resulting crude product crystallized 
upon standing under high vacuum for 30 min to give the tide compound 
as a brown solid. 



15 



20 



25 



30 



Step 2: 



2-Hydroxv-?-methvl-1-f4-rm^rhY UK ;o^Dhenvn-p r^p.»_ 1 
To a solution of 2-methyl-l.(4-(methylthio)phenyl)-propan- 
1-one (28.5 g, 147 mmol, Step 1), Aliquat 336 (11.0 mL, 24 mmol) and 
carbon tetrachloride (21 mL. 218 mmol) in toluene (43 mL) was added 
sodium hydroxide (12.9 g. peUets. 322 mmol). The reaction was stirred 
at 15 C for 2h and then at r.t. for 16h. The reaction was diluted with 
water (100 mL), brine (100 mL) and EtOAc (300 mL). The aqueous 
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phase was acidified with 1 N HQ and extracted with EtOAc (100 mL). 
The combined organic layers were dried over Na2S04 and concentrated. 
The crude product was puriHed by silica gel chromatography eluted with 
15% EtOAc in hexane to give the title compound as a thick syrup. 

5 

Stgp 3; 2-Hvdroxv-2-methvl-l-(4-methvlsulfnn vlphenvn-propan-1- 
one 

To a cold (4 **C) solution of 2-hydroxy-2-methyl-l-(4- 
(methylthio)phenyl)-propan- 1 -one (45.0 g, 214 mmol. Step 2) in t- 

10 butanol (500 mL) and CH2CI2 (500 mL) was added a solution of 
OXONETM (194 g, 316 mmol) in water (1.4 L). The resulting 
suspension was stirred at r.t. for 18h. The reaction was diluted with 
EtOAc (400 mL) and the layers were separated. The aqueous layer was 
extracted with EtOAc (2 x 250 mL). The combined organic layers were 

15 dried over Na2S04 and concentrated i>i vacMO. The crude product was 
dissolved in diethyl ether (250 mL), hexane was added (150 mL) and the 
product was swished for 2h. The product was collected by filtration to 
give the title compound as a yellow solid. 

20 Step 4: 5.5-Dimethvl-4-(4-(methvlsulfonvnphenvn-^-(4- 
methoxvphenvn-2-r5//)-furanone 

To a cold solution (0 *'C) of 2-hydroxy-2-methyl-l-(4- 
(methylsulfonyl)phenyl)-p^opane-l-one (726 mg, 3.5 mmol. Step 3), 
pyridine (0.5 mL, 6.2 mmol) in CH2CI2 (10 mL) was added 4- 

25 methoxyphenylacetyl chloride (1.5 g, 8.4 mmol) over 2 minutes. The 
resulting yellow solution was stirred at r.t. for 18h. Then DBU was 
added in portions every 30 min. (3 x 1.0 mL, 3 x 6.7 mmol). The 
reaction was diluted with EtOAc (100 mL) and 1 N HCl (50 mL). The 
organic layer was washed with water (50 mL), dried over MgS04 and 

30 concentrated. The crude product was purified first by flash 
chromatography eluted with 40% EtOAc in hexane and then by 
crystallization in EtOAc and hexane (1:1, 26 mL) to give the title 
compound as a white solid. 
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NMR (400 MHz, CD3COCD3) 1.60 (s. 6H), 3.18 (s, 3H), 3.76 (s 
3H), 6.83 (dt, 2H), 7.32 (dt. 2H), 7.65 (dt, 2H). 8.05 (dt. 2H), m.p. 148 



EXAMPLR ? 

g.?-PipiethYl-V(3-mRthoxvnhenvlV4-r4-rni^ t> ^vls„ifonvlY ^^^TYn-'^- 
(5fl^-furannnp. 

*H NMR (d6-acetone, 400 MHz): 5 1.62 (6H, s). 3.17 (3H. s), 3 61 (3H 
s), 6.85 (IH, dt), 6.91 (IH. dd). 6.96 (IH. dt), 7.18 (IH, t), 7.68 (2H. dm). 
8.05 (2H, dm). 



EXAMPTP.^ 

g.^PimgthYl-3-(4-isODronvlnhenvn-4-(4-fn i ethvlsulfnnvnp ^^PYn-?- 
f5/n-fiiranr^nf 

H NMR (d6-acetone, 400 MHz): 61.17 (6H. d), 1.60 (6H. s), 2.90 (IH 
m), 3.18 (3H, s), 7.15 (2H. d), 7.32 (2H, d), 7.67 (2H. d). 8.05 (2H, d). 



EXAMPTF^ 

^.5-Dim^thv1-4-(4.(methvlsnlfonvnphenvlV^-p ^.^ yl.2-f5A/^-fnr.rT ^n. 
Analysis calculated for C19H18O4S 

C, 66.65; H, 5.30; S, 9.36 
Found C, 66.36; H. 5.32; S, 9.48 
m.p. 159 X 
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EXAMPLR S 

3-PeiBori.31-dioxol-5-vl-5.5-diinethv1-4 - (4-fmethvkii|fonvnphenvn-7. 
f5fn-furanone 

Analysis calculated for C20H1 806S 

C, 62.17; H, 4.70 
Found C, 62.52; H, 4.82 

EXAMPLK 



5.5-Dimethvl-3-(4-methvlDhenvn- 4-r4-rinethvkiilfonvnphenvn-9-r<rW)- 
furanone 

m.p. 108-109 °C 

M.S. (DCI, CH4) calculated for M+: 356 
15 Found for M++1: 357 

EXAMPLF 7 

S.g-DimethYl- 4-f4-(methvlsulfonvnnhenvn-3-(4-tnfluornmethv1nhi>nYlv 
20 2-(5/n-fiirannne 

m.p. 155-156 X 

EXAMPLE S 

25 5.5-Dimethvl-3-(3-methvlDhenvn-4-r4 -(methvlsulfonvnDhenvn-7-(^W)- 
m.p. 167-168 X 



EXAMPLE Q 

g.5-Pimethvl-3-CVClohexvl-4-(4-rnnethvkn1 fonvnDhenvl^.9-(<>^- 
furanone 



StSILl Cvclohexvla cetvl chlnri^ ^ 
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To a 0 °C solution of cyclohexaneacetic acid (2 12g 14 9 
mmol) in 30 mL of CH2CI2 was added two drops of DMF followed by 
oxalyl chloride (1.3 mL. 14.9 mmol). The solution was warmed to r t 
and surred overnight. The solvent was remove in vacuo to give 1.60 g of 
the tide compound as a colourless liquid. 

NMR (d6-acetone, 300 MHz): 2.78 (d, 2H), 1 92 (m 
IH), 1.85-1.60 (m, 5H). 1.40-0.95 (m, 5H). 



^f^. CvclQhgxylacetir ^cid. l.1-dimethvl-2-rr4-m.rhY ic„ff^py^ ^ 
10 Dhenvn-2-nyn-^ihYl .c^^^ ^ 

1 c , ^ To a 0 °C solution of the alcohol from Example 1, Step 3 in 
15 mL CH2CI2 was added pyridine (0.35 mL. 4.3 mmol). A solution of 
cyclohexylacetyl chloride (473 mg, 1.95 mmol) in 5 mL CH2CI2 was 
then added via cannula. A small amount of DMAP was added, and the 
solution was stirred overnight at r.t. The mixmre was diluted with 
CH2CI2 and washed successively with IM NaOH, IM HCl and brine, 
filtered through cotton and evaporated. Purification by chromatogrphy 
(30% EtOAc/ hexanes) provided 504 mg of the title ester. 

NMR (d6-acetone, 300 MHz) : 8.20 (m, 2H), 8.04 (m 
2H). 3.14 (s. 3H), 2.12 (d. 2H). 1.70 (s. 6H). 1.57 (m. 3H). 1.40 (m. 2H) 
1.12 (m.4H). 0.80 (m.2H). 



(5fr>-fiirannny 

To a 0 solution of 500 mg (1 .36 mmol) of 
cyclohexylacetic acid. l,l-dimethyl.2-((4-methylsulfonyl)-phenyl)-2- 
oxo-ethyl ester in 25 ml DMF was added 157 mg (3.92 mmol) of hexane- 
washed 60% NaH dispersion. Stirred 5h, allowing the solution to wann 
to room temperature, then quenched with IM HCl. Partitioned between 
1 : 1 EtOAc/ether and H2O. The organic layer was washed witii H2O 
bnne and dried over Na2S04. Purification by chromatography 

(40-^50% EtOAc/hexanes) gave 160 mg (34%) of die tide compound as 
an oil. 
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NMR (d6-acetone. 300 MHz) : 8.09 (m, 2H), 7.62 (m, 
2H). 3.20 (s, 3H), 2.18 (m, IH). 1.75-1.55 (m, 6H), 1.47 (s. 6H). 1.30- 
1.05 (m,4H). 

5 EXAMPLE in 

4-(4-(MethvlsulfonvnDhenvn-3-phenvl-l-oxa-spi rof4.41nnn-^-e,n-?-nni> 

Step h CvcloDentvl-f4-fmethvlthi o')Dhenvn-mftthannn <j> 
10 To a suspension of anhydrous aluminum chloride (9.3 g, 

69.6 mmol) in 58 mL CHCI3 at 0 •'C was added dropwise 
cyclopentanecarbonyl chloride (10.0 g, 75.4 mmol), followed by 
thioanisole (7.21 g, 58.0 mmol). The ice badi was removed and the 
mixture was stirred at room temperature for 2h. Water (200 ml) was 
15 added with cooling, the layers were separated and the aqueous layer was 
extracted with CHCI3 (3 x 50 mL). The combined aqueous layers were 
dried over MgS04, filtered and concentrated. The residue was 
chromatographed on silica gel (4% EtOAc/hexane) to give 1 1.9 g of the 
title ketone (93%). 

20 NMR (acetone-d6, 400 MHz) 7.94 (d, 2H, J = 8.7 Hz). 7.36 (d, 2H, J 
= 8.7 Hz), 3.79 (q. IH). 2.56 (s, 3H). 2.00-1.71 (m, 4H). 1.70-1.50 (m. 
4H). 

Sm2l ( 1 -Hvdroxvcvclopentvn-r4-( methvlthin^ phenvn-methannnft 

25 

To a solution of the ketone from Step 1 (7.2 g, 32.7 mmol) 
in 4.7 ml CCI4 and 9.6 ml toluene was added Aliquat 336 (2.11 g, 5.20 
nmiol) and powdered NaOH (2.88 g, 71.9 mmol) and the mixture was 
stirred for 16h at r.t. To the brown mixture was added 100 ml of 5% aq. 
30 HCl and extracted with EtOAc (4 x 100 ml). The combined organic 
layers were washed with brine, dried over MgS04, filtered and 
concentrated. Chromatography on silica gel (20% EtOAc/hexane) gave 
5.4 g of the title compound as a white waxy solid (70%). 
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H NMR (acetone-d6, 400 MHz) 8. 11 (d, 2H, J = 8.5 Hz), 7.31 (d, 2H, J 
= 8.5 Hz). 4.63 (s, IH, disappears by D2O wash), 2.56 (s, 3H) 2 24 (mc 
2H), 1.89 (mc, 4H), 1.71 (mc, 2H). 

4-(4-(Mcthvlthio^nhenvn-l.ph.nyV| ■o^;..,p;,^ ^4 

en-2-Qne 

nx^ r,. *^ ^""^ ^*^P 2 (924 mg, 3.91 mmol) in 10 mL 

CH2CI2 at 0 C was added pyridine (928 mg, 1 1 .7 mmol) followed by 
phenylacetyl chloride (1.51 g, 9.77 mmol). The ice bath was removed 
and the mixture was stiired at room temperature for 15h. Aq. NH4CI 
(100 mL) was added and the mixture was extracted with EtOAc (3 x 50 
mL). The combined organic layers were washed with brine, dried over 
MgS04, filtered and concentrated. The residue was dissolved in 16 mL 
CH2CI2. DBU (595 mg. 3.91 mmol) was added and the brown solution 
was stirred at room temperature for 0.5h. 5% aq. HCl (100 mL) was 
added and the mixture was extracted with EtOAc (4 x 50 mL) The 
combined organic layers were washed with brine, dried over MgS04, 
filtered and concentrated to give 1 .40 g (quantitative) of the tide 
compound as a yellow solid, used directly in the next step. An analytical 
20 sample had mp. 147-148 X after stirring with Et20/hexane (2:1). 

4: 4-r4- 
3-en-2-< ; )nft 



15 



25 



30 



nu ^, thioether from Step 3 (1.31 g, 3.91 mmol) in 40 mL 

LH2C12 and 10 mL MeOH was cooled in an ice bath. MMPP (2.66 g. 
4.30 mmol) was added in two portions. The ice bath was removed and 
Ae mixture was stirred for Ih at room temperature. The suspension was 
filtered, and tiie filtrate was washed with saturated aq. NaHCOs and 
H2O. After drying over MgS04 and evaporation of the solvent.'a yellow 
solid was obtained. Stirring this solid witii 10 mL of Et20 for 0.5h and 
filtration gave 1.48 g of the tide compound as a colorless solid, m p 142- 
143 *'C. 
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EXAMPLE 1 1 

5.5-Dimethvl-3-(4-finethvlsulfonvnDhenvn-2-phen vlcvclopent-2-ennne 

5 SSSS-L 4.4-Dimeth vl-2-iodo-2-cvclopenten- 1 -one 

To a cold (4 °C) solution of iodine (4.5 g, 18 mmol) in 
caibon tetrachloride (15 mL) and pyridine (15 mL), was added over 1 
min. a solution of 4,4-dimethyl-2-cyclopenten-l-one (930 mg, 8.4 mmol) 
in carbon tetrachloride (15 mL) and pyridine (15 mL). The resulting red- 

10 brown solution was stirred at r.t. for 22h. The reaction was diluted with 
Et20 (200 mL), washed successively with water (50 mL), 1.0 N HCl (50 
mL), water (50 mL), and aqueous Na2S205 20% w/v, then dried over 
MgS04 and concentrated in vacuo. The crude product was purified by 
flash chromatography eluting with 10% EtOAc/hexanes to give the title 

1 5 compound as a white solid. 

Stgp2 4.4-Dimethyl-2-phenvl- 2-cvclopenten- 1 -one 

A 250 mL round bottom flask was charged with 4,4- 
dimethyl-2-iodo-2-cyclopenten-l-one from Step 1 (1.59 g, 6.7 mmol), 

20 bis(benzontrile)-palladium(II) chloride (235 mg, 0.61 mmol), 

phenylboronic acid (983 mg, 8.1 nmiol), triphenylarsine (308 mg, 1.0 
mmol), 2.0 M Na2C03 (8.4 mL, 16.8 nrniol) and benzene (70 mL). The 
reaction flask was well purged with nitrogen and the reaction was stirred 
at 80 ''C for 2.5h. TTie reaction was allowed to cool to r.t., diluted with 

25 NH4OAC buffer 25% w/v ( 1 00 mL) and extracted with EtOAc. The 
organic extract was dried over MgS04 and concentrated in vacuo. The 
crude product was purified by flash chromatography eluting with 10% 
EtOAc in hexane to give the title compound as a light yellow syrup. 

30 SlSHi 4.4-Dimethvl- 1 -( 4-( meth vlthio)phenvn-2-phen vlcvrlnpprrt- 
2-enol 

To a solution of 4-bromothioanisole (2.51 g, 12.3 nrniol) in 
THF (20 mL) at -78 °C was added dropwise a solution of 2.5 M n-butyl 
lithium in hexane (4.8 mL, 12.0 mmol). The resulting suspension was 
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stirred at this temperature for Ih and then a solution of 4,4-dimethyl.2- 
phenyI-2-cyclopenten-l-one from Step 2 (1.25 g, 6.7 mmol) in THF (20 
mL) was added slowly via cannula to the cold reaction. The reaction was 
stirred for 15 min at -78 T and then for 30 min. at r.t. The reaction was 
5 stopped by dilution with NH4OAC buffer 25% w/v and extracted with 
EtOAc. The organic layer was dried over MgS04 and concentrated in 
vacuo. The crude product was purified by flash chromatography eluting 
with 10% EtOAc/hexanes to give the tide compound as a colorless gum. 

g.g-Dimethy|-V(4-fWhv1thio)nhenvn-9.nhPnvl.vH.T T^^. 

To a suspension of 4,4-dimethyl-l-(4-(methylthio)phenyl)-2- 
phenylcyclopent.2-enol from Step 3 (2.0 g, 6.4 mmol) and powdered 4A 
molecular sieves (2 g) in CH2CI2 (50 mL) was added pyridinium 

15 chlorochromate (1.6 g, 7.4 mmol). The resulting suspension was 

vigorously stilted for 18h. Then powdered 4A molecular sieves (2 g) and 
PCC (1.6 g, 7.4 mmol) were added and the resullting brown suspension 
was stirred for another 24h. The reaction was diluted with CH2CI2 (100 
mL) followed by Et20 (600 mL) with vigorous stirring for 24h The 

20 reacuon was filtered on a cake of siUca gel which was washed with Et20 
(2 X 100 mL) and the filtrate was concentrated in vacuo. The crude 
product was purified by flash chromatography eluted with 2% EtOAc in 
toluene to give the title compound as a light yellow gum. 

5.5-Dimethvl-3-f4-rmPthvicni fonvnphenYi>-7- 

PhcnvloCVClonent-2-ennnP 

To a cold solution (4 '»C) of 5,5-dimethyl-3-(4- 
(methylthio)phenyI)-2-phenylcyclopent-2-enone from Step 4 (563 mg 
1.8 mmol) in CH2CI2 (16 mL) and in methanol (2 mL) was added ' 
monoperoxyphthalic acid, magnesium salt hexahydrate 80% (1.47 g, 2 4 
mmol). The resulting suspension was stirred at r.t. for 18h. The reaction 
was diluted with EtOAc (150 mL) and a mixnire of aq. NaHCOs 
sat./water (1 : 1). The organic layer was dried over MgS04 and 
concentrated in vacuo. The crude product was purified fu-st by flash 
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chromatography eluted with 40% of EtO Ac/hexanes and then by 
ciystallization in EtOAc/hexanes (1:3, 30 mL) to give the title compound 
as light yellow needles. 

NMR (400 MHz, CD3COCD3) 1.26 (s, 6H), 3.05 (s, 2H), 3.12 (s, 
5 3H), 7.20 (m, 2H), 7.33 (m, 3H), 7.63 (dt, 2H), 7.89 (dt, 2H), m.p. 1 ITC. 

EXAMPLE n 

4.4-Dinicthvl-3-f4-(methvlsulfonvn phenvn-2-Dhenvlcvclopent-2-PnnnP 

10 

StelLll 3.3-Dimethvl-1 -Dhenvlhex-5-en-?-nl 

To a solution of 2,2-dimethylpent-4-enal (1 1.2 g) in 200 mL 
of Et20 cooled to 0 was added dropwise a solution of 
benzylmagnesium chloride (70 mL, 2M in THE). After stirring for Ih at 
15 OX, the reaction was quenched with 200 mL of saturated solution of 
NH4CI and the product was extracted with 200 mL of 1:1 EtOAc/hexane. 
The extract was dried over Na2S04 and concentrated. The residue was 
distilled under reduced pressure to give 16 g of die title compound. 

20 Step 2: 3.3-Dimeth vl- 1 -Dhenvlhex-5-en-?-nnP 

To a solution of the product of Step 1 ( 1 5 g) and 50 mL of |- 
Pr2NEt in 250 mL of CH2CI2 cooled at 0 **C was added dropwise a 
solution of sulfur trioxide pyridine complex (23.8 g) in 100 mL of 
DMSO. After stirring for 10 min, the reaction mixture was treated with 

25 200 mL H2O and extracted with 200 mL of 1 : 1 EtOAc/hexane. The 
extract was dried over MgS04 and concentrated to give 15 g of the title 
compound as a yellow oil. 

NMR (acetone-d6, 400 MHz) 1.17 (6H, s), 2.36 (2H, dd), 3.87 (2H, 
s), 5.0-5.15 (2H, m), 5.65-5.80 (IH, m), 7.12-7.30 (5H, m). 

30 

Step 3: 5.5-Dimeth vl-2-phenvlcvclopent-2-enone 

A solution of the product of Step 2 (15 g) in 70 mL of 
MeOH and 50 mL of CH2CI2 was treated with a stream of ozone/oxygen 
until the solution turned light blue. Dimethylsulfide (20 mL) was added 
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and the reaction mixture was stirred for 2h at room temperature and then 
treated with 5 g of triphenylphosphine for an additional 0.5h. DBU (1 
mL) was then added to the reaction mixture. After stining for Ih at room 
temperature, 1 mL of AcOH was added and the reaction mixture was 
5 concentrated. The residue was dissolved in 1 00 mL of 20: 1 

hexanes/EtOAc and the solution was filtered through a pad of silica gel. 
The filtrate was concentrated to give 1 1 g of the title compound as a 
yellow oil. 

NMR (acetone-d6,400 MHz) 1.15 (6H, s), 2.60 (2H, d), 7.25-7 40 
10 (5H, m), 7.95 (IH, t). 

Slmil g.g-Pimgthvl-l-(4-(meThvlthio1nhenvn-^.phPnv|^Y^^^P^P^- 

To a -78 **C solution of p-bromothioanisole (5 g) in 100 mL 
15 of THF was added a solution n-BuLi (10 mL, 2.5 M in hexane). After 
stirring for 45 min. at -78 °C, a solution of the product of Step 3 (2.4 g) in 
10 mL of THF was added dropwise. The reaction mixture was stirred for 
10 min. and then quenched with 100 mL of saturated solution of NH4CI. 
The product was extracted with 300 mL of 2: 1 hexanes/EtOAc. The 
20 extract was dried over Na2S04 and concentrated. The residue was 

purified by chromatography eluting with 10:1 hexane/EtOAc to give 3.5 
g of the title compound. 

^H NMR (acetone-d6, 400 MHz) 0.60 (3H, s), 1.25 (3H, s), 2.26 (IH 
dd), 2.42 (IH, dd), 2.48 (3H. s). 4.12 (IH. s). 6.43 (IH. t), 7.10-7.40 (9H 
25 m). 

SlfilLil 5.5 Dimethvl- 1 -(4-( methvk ulfonv1^phenvn-2-Dhenvlrvrln- 
Dent-2-ennl 

To a solution of the product of Step 4 (1.92 g) in 130 mL of 
30 10: 1 CH2Cl2/MeOH cooled at 0 X was added 5.5 g of MMPP. The 
reaction was stirred for 0.5h at room temperature, diluted with 100 mL of 
5: 1 hexanes/EtOAc and then filtered through a pad of silica gel. The 
filtrate was concentrated and the residue was purified by chromatography 
eluting with 2:1 hexanes/EtOAc to give 1.8 g of the tide compound. 
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1h NMR (acetone-de. 400 MHz,) 6 0.58 (3H, s), 1.27 (3H, s), 2.32 (IH, 
dd), 2.52 (IH, dd), 3.09 (3H, s), 4.46 (IH. s). 6.53 (IH, t), 7.12 -7. 20 
(5H, m), 7.37 (2H, d), 7.85 (2H. d). 

5 SlSEL^I 4.4-Diniethvl-3-r4-rmethvk ulfQnv]>phftnv)-2-phenvl-2- 
cvclopenten-l-one 

To a suspension of PCC (4 g) and 10 g of 4A molecular 
seives in 100 mL of CH2CI2 was added a solution of the product of Step 
5 (1.2 g) in 10 mL CH2CI2. The reaction mixture was stirred for 12h and 
1 0 then diluted with 200 mL of 1 : 1 hexanes/EtOAc, and filtered through a 
pad of silica gel. The filtrate was concentrated and the residue was 
purified by chromatography eluting with 3:2 hexanes/EtOAc to give 200 
mg of the title compound as a white solid. 

NMR (acetone-d6, 400 MHz) 51.36 (6H s). 2.62 (2H, s), 3.14 (3H. s) 
15 7. 10-7.20 (5H. m),7.53 (2H, d). 7.96 (2H, d). 

EXAMPIRn 

7-f4-fMgtllYlMi|fOPVl)phenvn-6-nhenvl-4-nxa-spirn[7 4 1-henr-6-t>n-S.nn ^ 

20 

SlSail 3-(Phenvn-4-f4-(methvlsiilfn nvnnhf^nvn.7-r5fn.furannn^ 

To a solution of phenylacetic acid (27.4 g, 201 mmol) and 
a-bromo-4-(methylsulfonyl)acetophenone (60 g, 216 mmol) in 
acetonitrile (630 mL) at 25 °C was added slowly triethylamine (30.8 mL). 

25 The mixture was stirred for 20 min at r.t. then cooled in an ice bath. 
DBU (60.1 mL) was slowly added. After 20 min, the mixture was 
quenched by the addition of IN HCl followed by 2.4 L of ice water. The 
precipitate was filtered and rinsed with water to give 64 g of crude 
product. This solid was dissolved in 750 mL of dichloromethane, dried 

30 over MgS04 and filtered. Purification by flash chromatography eluting 
with 10% EtOAc/CH2Cl2, followed by an ethyl acetate swish provided 
36.6 g (58%) of the tide compound. 



Analysis calculated for C17H14O4S 
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C, 64.95; H, 4.49; S, 10.20 
Found: C, 64.63; H, 4.65; S, 10.44 

SiSall 5-Hvdroxv methvl-4-r4-rmethvlsulfonvnDhenvn-3-phenvl-2- 
5 f5/f)-fiiranone 

A mixture of 3-phenyl-4-(4-(inethylsulfonyl)phenyl)-2-(5i/)- 
furanone from Step 1 (0.31 g, 1.0 mmol), 37% aqueous formaldehyde 
solution (0.1 mL), THF (20 mL) and water (5 mL) was treated with 
K2CO3 (20 mg, 0.15 mmol). After stirring for Ih at room temperature, 

10 the reaction mixture was quenched with 15 mL of saturated aqueous 
NH4CI and extracted with 50 mL of EtOAc. The extract was dried over 
MgS04 and concentrated. The residue was purified by flash 
chromatography eluting with 3:1 EtOAc/hexanes to give 50 mg of the 
title compound along with 120 mg of 5,5-bis(hydroxymethyl)-3-phenyl- 

15 4-(4.(methylsulfonyl)phenyl)-2-(5H)-furanone. 

NMR (acetone-d6, 400 MHz) 5 3.15 (3H, s), 3.60 (IH, m), 4.03 (IH, 
m), 4.30 (IH, t), 5.72 (IH, t), 7.36 (5H. m), 7.66 (2H, d), 7.98 (2H, d). 

Step 3: 5-Methvlene-4-(4-(methvls ulfonvnphenvn-3-phenvl-2- 
20 f^ffl-fwanOPe 

To a solution of the product of Step 2(18 mg) and Et3N 

(0.15 mL) in 10 mL of CH2CI2 was added dropwise methanesulfonyl 

chloride at 0 °C. After stirring for 10 min at 0 °C, the reaction mixture 

was treated with 5 mL of saturated NaHC03 and extracted with 30 mL of 
25 1:1 EtOAc/hexane. The extract was dried over MgS04 and concentrated 

to give 15 mg of the title compound as a white solid. 

^H NMR (acetone-d6, 400 MHz) 5 3.16 (3H. s), 4.92 (IH. d), 5.40 (IH. 

d), 7.30-7.42 (5H. m), 7.68 (2H, d). 8.06 (2H, d). 

30 gtep 4: 7-(4-(methvlsulfonvn(ph envn-6-phenvl-4-oxa-spirnr2 4]- 
hept-6-en-5nnp 

A solution of the compound from Step 3 (450 mg) and 
Pd(0Ac)2 (150 mg) in 200 ml of Et20 was cooled to 0 X and treated 
with excess CH2N2 (in ether) until no starting material was observed by 
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TLC. The reaction mixture was then filtered through a pad of silica gel 
and concentrated. The residue was purified by flash chromatography 
eluting with 2:1 hexanes/EtOAc to give 1 80 mg of the tiUe compound as 
a yellow solid. 

5 NMR (acetone-d6. 400 MHz) 5 1.32 (2H, m), 1.70 (2H, m), 3.16 (3H 
s), 7.24-7.32 (3H, m), 7.36-7.44 (2H. m), 7.62 (2H, d), 8.05 (2H. d). 

EXAMPLR 14 

10 ^^-Bisfluoromcthvl-3-Dhenv1-4-f4-rniefhvk„ifai^ y nph^nvn-9-(^f^ . 

SlfiE-L 5.5-Bis(hvdroxvmethvn-l -Dhenvl-4-r4- 
(methvlsulfonvnDhenvn-7.r 5//^-furannnP 

15 The title compound was obtained by the procedure described in Step 2 of 
Example 13. 

NMR (acetone-d6, 400 MHz) 6 3.16 (3H, s), 3.79 (2H, dd), 3.94 (2H 
dd). 4.56 (2H, t), 7.20-7.35 (5H, m). 7.68 (2H, d), 8.04 (2H. d). 

20 SieiLZ 5.5-Bisfluoromethvl-3-pht.iiv l-4-(4-(me.fhvlsulfonvnphpnYl)- 
2-(5//^-furanf>nfi 

A solution of 5,5-bis(hydroxymethyl)-3-phenyl-4-(4- 
(methylsulfonyl)phenyl)-2-(5//)-furanone from Step 1 (0.55 g, 1.45 
mmol) in 8 mL of CH2CI2 was cooled to -78 and treated with 

25 Et2NSF3 (4 mL, 30 mmol). The mixttire was then refluxed for 15h and 
quenched by carefully pouring into 100 mL of saturated aqueous solution 
of NaHCOs. The product was extracted with 150 mL of EtOAc. The 
extract was dried over MgS04 and concentrated. The residue was 
purified by flash chromatography eluting with 2: 1 EtOAc/hexanes 

30 to give 0.4 g of the title product as a white solid. 

H NMR (acetone-d6, 400 MHz) 6 3.14 (3H, s), 4.95 (4H, d), 7.25-7.40 
(5H, m), 7.60 (2H, d), 8.06 (2H, d). 
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3-(3-Allvl0XV-nhenvn-5.S-dimefhv1.4-rd.nnefhvkn1f^nY^ -Dhenvn-5W- 
furan-2-one 

5 M.p. 128-129''C. NMR (acetone-dfi. 300 MHz) 5 8.05 

(2H, m), 7.67 (2H, m). 7.31 (2H. m). 6.83 (2H, m), 6.04 (IH, m), 5.38 
(IH, m), 5.22 (IH, m), 4.54 (2H, m). 3.18 (3H, s). 1.60 (6H, s). 

EXAMPT.F16 

10 

3-(3.5-Difluoro-nhp.nvn-4-(4-mftr hvlsufonv1-phenvn-1-n«( | . 
SDiror4.41nnn-^-pn-?-np^ 

M.p. 186**C. Anal, calcd. for C,9H,6F204S: C, 60.31; H, 
15 4.26; S, 8.47. Found: C. 60.34; H, 4.38; S, 8.66. 

EXAMPLF 17 

3- ChrPPi^n-7-Yl-5S-dimethvl-4-(4-methvlsiilfnnYl -Dhenvn-5W-fiirfl,^-9- 
one 

20 

NMR (acetone-de, 300 MHz) 6 8.05 (2H, m), 7.64 (2H, 
m), 7.13 (IH, m), 6.97 (IH, m), 6.55 (IH, m), 4.1 1 (m, 2H), 3.18 (3H, s), 
2.63 (2H, m), 1.90 (2H, m), 1.60 (6H. s). 

25 EXAMPLR IR 

4- f4-Methvlsulfonvl-nhenvlV^-phpnv l-5.5-his-friflnoromethvl-W. 

M.p. 138°C. Anal, calcd. for C,9H,2F604S: C, 50.67; H, 
30 2.69; S, 7.12. Found: C, 50.90; H, 2.82; S, 7.14. 



EXAMPI.F 1Q 

g-(4-Mgthvl.sulfonvl-nhenvn-7-Dhenv1-S-nya-cp iror3.41nrt-7-Pn-A.^P » 



wo 96/19469 PCT/CA95/00715 



-82 



Stgp h 8-Hvdn>XV-7-phenvl-5-oxa- sDiror:^.41rvt-7-Pp-^ -o^^ 

To a solution of 1-hydroxy-cyclobutanecarboxylic acid 
5 (W.R. Jones et al^ Organomctallics 2579 {1987) (3.8 g, 32.7 mmol) in 
EtjO (50 ml) at O^'C was added an etheral solution of CH2N2 until the 
yellow color persisted. The solvent was evaporated to give 3.5 g of the 
corresponding methyl ester. The crude ester was dissolved in CH2CI2 (66 
ml) and cooled to 0"C. Pyridine (4.22 g, 53.3 mmol, 4.30 ml) was added. 

10 followed by dropwise addition of phenylacetyl chloride (6. 1 8 g. 40 

mmol, 5.3 ml) over a 0.5 h period. The mixmre was stirred at O^C for 3 h 
and then poured into 5% aq. HCl (200 ml). The layers were separated and 
the aq. layer was extracted with CHjClj (3x50 ml). The combined org. 
layers were washed with dil. aq. NaHCOj and brine (100 ml each) and 

1 5 dried over MgS04. Evaporation of the solvent and purification of the 
crude product by chromatography with 20% EtOAc in hexane gave the 
ester as an oil in quantitative yield. 

A portion of the ester (2.1 8 g, 8.78 mmol) was dissolved in CH,Cl2 (44 
ml) and cooled to O^C. DBU (1 .47 g, 9.66 mmol, 1 .44 ml) was added and 

20 the mixture was allowed to stir at room temperature for 48 h. The dark 
solution was poured into 10% aq. HCl (100 ml) and the layers were 
separated. The aq. layer was extracted with CH2CI2 (3x25 ml) and the 
combined org. layers were dried over MgS04. Evaporation of the solvent 
and purification by chromatography (10% EtOAc in toluene, 2.5% acetic 

25 acid) gave 460 mg of the title compound, mp 1 88- 1 89°C. 

SJSEIi Trifluoro-methanesulfonir acid 6-oxo-7.Dhenvl-5-nxfl- 



30 



SDiror3.41nrt-7-en-8-vl ester 



To a solution of the lactone (460 mg, 2.12 mmol) in CHjCl, 
(15 ml) at O^C was added NEt, (258 mg, 2.55 mmol. 356 ^1) followed by 
TfzO (720 mg, 2.55 mmol, 429 ^il). The solution was stirred for 1 h at 
0**C and then poured into water. The layers were separated and the aq. 
layer was extracted with CH2CI2 (3x20 ml). The combined org. layers 
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were dried over MgS04 and the solvent was evaporated to give 550 mg 
of the product as an oil. 

Step 3: 4-fMethvlthi o)benzenehnronic acid 

5 

n-BuLi in hexane (2.5M, 625 mmol, 250 ml) is added slowly 
to a mechanically stirred solution of 4-bromothioanisole (100 g, 492 
mmol) in THF (1 1) below -55°C (internal temp.). After aging at -72**C for 
1 h trimethylborate (73 ml, 1.3 eq.) is added at such a rate to keep the 

10 internal temperature below -55°C. After 0.25 h at -78°C the solution was 
allowed to warm to 0°C for 10 min. IN HCL (500 ml) is added and the 
solvent is evaporated. Water (500 ml) is added and the product is 
extracted with EtOAc (1.5 1). The organic layer is dried over Na2S04, 
concentrated and the solid is stirred in hexane (500 ml) for 2 h. Filtartion 

15 gave 61.9 g (75 %) of the desired product. *H NMR (acetone-d^ 400 
MHz) 6 7.80 (d, 2H), 7.22 (d. 2H), 7. 15 (s. 2H), 2.50 (s, 3H). 



20 



Sle^ii 8-(4-Methvlsulfanvl-phpnv]V7.Dhenvl-«>-nv5. .spirnr^41r.rf. 

7-en-6-one 



To a solution of the triflate (550 mg, 1 .58 mmol) from step 2 
in THF (10 ml) and boronic acid from step 3 (318 mg, 1.90 mmol) was 
added an aq. solution of Na,C03 (2.0M, 3.16 mmol, 1.60 ml) and 
Pd(PPh3)4 (91 mg, 0.079 mmol). The mixture was heated for 2 h at 70*'C, 
25 cooled and poured into sat. aq. NH4CI. The aq. layer was extracted with 
EtjO and the combined org. layers were dried over MgS04. Purification 
via flash chromatography (20% EtOAc in hexane) gave 460 mg of the 
title compound as a foam. 

Ste^^I 8-(4-Methvlsulfonvl-phpnvl) -7-Dhenvl-5-nxa-spirnr3 Ay rt. 

To the thioether from step 3 (460 mg. 1.43 mmol) in CH2CI, 
(17 ml) and MeOH (4.3 ml) at 0**C was added MMPP (970 mg, 1.57 
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mmol) in two portions, the ice bath was removed and the mixture was 
stirred at room temperature for 2 h. The suspension was filtered and the 
filtrate was washed with sat. aq. NaHCOj and water. After drying over 
MgS04 and evaporation of the solvent a yellow foam was obtained. 
5 Stirring of this foam with 10 ml EtzO for 1 h and filtration gave 417 mg 
of the title compound as a colorless solid, m.p. 159-160°C. 

EXAMPLR20 

10 6-(3-Fluorophcnvn-7-(4-(methvlsulfonvnph e nvn-4-nxa-sp i p)r2.41hepf-fi- 

Following method N, example 19 and substituting 1- 
hydroxy-cyclopropanecarboxylic acid for 1-hydroxy- 
15 cyclobutanecarboxylic acid, the title compound was obtained as a 
colorless solid. M.p. 130-13 1°C. 

EXAMPLF 21 

20 7-(4-Methvlsulfonvlphenvn-6-naphthal en-2-vl-4-nxa-sDiror2.41hp.pt-^- 
en-g-QDc 

Following method N, example 19 and substituting 1- 
hydroxy-cyclopropanecarboxylic acid for l-hydroxy- 
25 cyclobutanecarboxylic acid, the title compound was obtained as a 

colorless solid. NMR (acetone-d^, 400 MHz) 5 1.36-1.39 (2H, m), 
1.73-1.76 (2H. m), 3.16 (3H, s), 7.35-7.38 (IH, m), 7.48-7.52 (2H, m), 
7.65-7.85 (5H, m), 8.03-8.08 (3H. m). 

EXAMPLE 22 

4-(6-Naphthalen-2- vl-5-oxo-4-nxa-spiror2 41hept-6-en-7-vn- 
benzenesulfnnamirfp 
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FoUowing method N, example 19 and substituting 1- 
hydroxy-cyclopropanecarboxylic acid for l-hydroxy- 
cyclobutanecarboxylic acid, the title compound was obtained as a 
colorless solid. NMR (acetone-d6, 300 MHz) 6 1.32-1 48 (2H m) 
5 1.70-1.75 (2H, m). 6.70 (IH. bs). 7.34 (IH, dd), 7.46-7.60 (4H. m), 7.70- 
8.10 (6H,m). 



10 7-f4-Fluornr 
en-6-one 



Anal, calcd. for C2oH,7F04S: C, 64.50; H, 4.60. Found: C. 
64.46; H, 4.62. 

15 

EXAMPI.F.74 

7-(3-FluorophfnYl)-8-(4-inethvl.iilfnnvlpVpy n.5.n»a-«p;r^ P4i^..7 
en-6-one 

20 

Anal, calcd. for C2oHnF04S: C, 64.50; H, 4.60. Found- C 
64.44; H, 4.75. 



EXAMPTF9S 

25 

■7-(3.4-PifluorOPhfnvn-8-f4-inftfhvl.nlf^ nvlDhenvlVS-nva-snimr^ 4] n^|- 

NMR (acetone-d6, 400 MHz) 6 1.15-1.22 (IH m) 1 82- 
30 1.90 (IH, m). 2.62-2.80 (4H, m), 3.20 (3H. s), 7.10-7.25 (2H, m') 7 32- 
7.40 (IH, m). 7.82-7.86 (2H. dd), 8.10-8.16 (2H,dd). 



EXAMPT.F?^ 
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4-(6-Oxo-7-Dhenvl-5-oxa-spirnr^.41oct-7-en-R- vn-benzeneRii1fn^ pm;^^ 
M.p. 162-163°C. 
5 EXAMPLE 21 

4-r7-(4-Ruorophenvn-6-oxo-.S-o xa-spiror3.41oct-7-en-«-vn- 
benzenesulfonanniHft 

10 Anal, calcd. for C,9H,6FN04S: C, 61.12; H, 4.32; N. 3.75. 

Found: C, 61.18; H. 4.49; N, 3.77. 

EXAMPl^E 28 

15 4-r7-(3-FluoroDhenvn-6 -oxo-5-oxa-spiror3.41oct-7-en-8-vn- 
benzenesulfonamide 

Anal, calcd. for C,9H,6FN04S: C, 61.12; H, 4.32; N, 3.75. 
Found: C, 61.00; H, 4.56; N, 3.76. 

20 

EXAMPLE 29 

4-r7-(3.4-Difluom phenvn-6-oxo-5-oxa-spiror3.41oct-7-en-8-vn- 
benzenesulfonamiHe. 

25 

NMR (acetone-d6, 400 MHz) 8 1.12-1.24 (IH, m). 1.80- 
1.92 (lH,m), 2.61-2.70 (4H, m), 6.73 (IH, bs), 7.12-7.26 (2H, m), 7.31- 
7.40 (IH, m), 7.73-7.75 (2H, dd), 8.03-8.06 (2H, dd). 

30 

EXAMPLE 30 

3-r4-Fluomphenvn- 4-f4-rmethvlsulfonvnphenvn-l-oxa-spiror4.41nfin-3- 
en-2-Qng 
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M.p. 166-167"C. Anal, calcd. for C2,H,9F04S: C, 65.27; H 
4.96; S. 8.30. Found: C, 65.11; H, 5.10; S. 8.07. 

5 EXAMPTF^l 

3-(3-FluQronhpnv1)-4-f4-rmethvUnlfnnY^)p^envn-1.nT«.<fpr^r^^1^^^^ 
en-2-one 

10 M.p. 158-159"C. Anal, calcd. for C2,H,<,F04S: C. 65.27; H. 

4.96; S, 8.30. Found: C, 65.13; H, 5.12; S, 8.56. 

EXAMPLF.19 

15 3-(3,4-Difliiorophenvn-4-r4- (methvlsiilfn,^vnDheTivlV1-nYa- 
SDirof4.41non-^-Pn-7-nf^^ 

M.p. 149.5-150.5''C. Anal, calcd. for C2,H,8F204S: C, 
62.37; H, 4.49; S, 7.93. Found: C, 62.43; H, 4.64; S, 8.42 

20 

EXAMPLF 

3-(3-Cbloro-4-fl!ioronhenvn-4-f4-rT nethvlsulfnnvnDhenvlVl-ny , ^- 
SDiror4.41nnn-^-«-^-9.^p^ 

25 

*H NMR (acetone-d6. 300 MHz) 5 1.60-2.20 (8H, m), 3.20 (3H, s), 7 20 
(IH. t). 7.30 (IH, m). 7.55 (IH, dd), 7.70 (2H, d). 8.10 (2H, d). Anal 
calcd. for C2,H,8C1F04S: C, 60.00; H. 4.28. Found: C, 60.02; H, 4.42. 

30 EXAMPT.R^4 



4 -(2-0?CQ-3-phenvl-1-oxa-sniror4.41nnn-^-p q -4-vlVhen7ftnesulfnnaTniHp 
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M.p. 173'*C. Anal, calcd. for C2oH,9N04S 1/2 EtOAc: C, 
63.91; 5.61; N, 3.39; S, 7.75. Found: C, 64.14; H. 5.74; N, 3 36- S 
7.70. ' ' ' 



EXAMPTK^S 

4-r3-(4-Fluorophenvn-!2-nx o - 1 -oxa-spimr4.41non-3-i>n-A-yl)] - 
bcnzcncsulfnnam^^i.^ 

M.p. 169''C. Anal, calcd. for C2oH,8FN04S 1/2 EtOAc: C, 
61.24; H, 5.14; N, 3.25; S, 7.43. Found: C, 61.19; H, 5.29; N 3 21- S 
7.40. . • » . 



EXAMPT.K ^fi 

15 

4-f 3-(3-Fluorophenvl V2-OXO - 1 -nxa->i piror4.41nnn-^-»n-4-yf )] . 
benzenesulfnnan^j^y 

M.p. 142-144°C. Anal, calcd. for C2oH,8F04S: C, 62.00; H, 
20 4.68; N, 3.62. Found: C. 61.83; H, 4.90; N, 3.53. 



EXAMPLF. ^7 

4-r3-(3.4-Pifluoronhenvn-2-nxn -l-oxa-spirn[4.41non-:^-ftn-4-Y^ )]- 
25 benzenesulfnnain^^i* 

M.p. >92°C. Anal, calcd. for C2oH,7F204S: C, 59.25; H, 
4.23; N, 3.45. Found: C, 59.22; H, 4.34; N, 3.37. 

30 EXAMPLE ^8 

4-r3-(3-Chloro-4-flnorophenvn-2- nxo- 1 -oxa-Rpiror4.4non-^pn-4Yn - 
benzenesulfonamirfp 
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H NMR (acetone-d6, 300 MHz) 6 1 .70-2.20 (8H. m). 6 60 



10 



EXAMPTF^Q 

4-(4-(Mgt|ivl.sii|fonYl) phenvl) - l - orv sniror4 <;i H...ci,.»_o ^„ 
M.p. 222-223*'C. 

EXAMPT.F^n 



esulfonamj^y 



15 



5.52, N. 3.65; S. 8.36. Found: C, 65.62; H, 5.56; N. 3.47; S, 8.44. 

EXAMPTP4^ 

^-r3-(4-Fluoronhenvl^-?-nvn -i-^^o -snimf4 S1H...:>-.„_>. 
benzen^Ry^fnnfltT|;w« 

H Sni.N. ,^;P f2-203°C. Anal, calcd. for C„H^O,S: C. 62.83; 
^ H, 5.02, N, 3.49: S, 7.99. Found: C. 62.66: H. 5.04: N, 3.48: S, 8.08. 
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WHATISCLATMRDIS- 

1 . A compound of formula I 




I 

or a pharmaceutically acceptable salt thereof 
wherein: 

Y is selected from the group consisting of 
10 (a) C(RlO)(Rll), 

(b) oxygen, 

(c) sulfur, 

RMs selected from the group consisting of 
(a) S(0)2CH3. 
15 (b) S(0)2NH2, 

(c) S(0)2NHC(0)CF3. 

(d) S(0)(NH)NH2, 

(e) S(0)(NH)NHC(0)CF3, 
(0 P(0)(CH3)NH2, 

20 (g) P(0)(CH3)2. 

R2 is selected from the group consisting of 

(a) Cl-6alkyl, 

(b) C3-7 cycloalkyl, 

(c) mono-, di- or tri-substituted phenyl or naphthyl wherein the 
25 substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

(3) Cl-6alkoxy, 

(4) Cl-6alkylthio, 
30 (5) CN, 
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(6) CF3. 

(7) Cl.6alkyl, 

(8) N3. 

(9) -C02H, 

5 (10) -C02-Ci.4alkyl. 

(11) -C(R5)(r6).oh, 

(12) -C(R5)(R6).0-Ci-4alkyl, and 

(13) -Ci-6alkyl-C02-R5; 

(14) benzyloxy, 

10 (15) -0-(Ci.6alkyl)-C02R5, 

(16) -0-(Cl.6alkyl)-NR5R6 

(d) mono- , di- or tri-substituted heteroaryl wherein the 

heteroaryl is a monocyclic aromatic ring of 5 atoms, said 
ring having one hetero atom which is S, O, or N, and 

1^ optionally 1 , 2, or 3 additionally N atoms; or 

the heteroaryl is a monocyclic ring of 6 atoms, said ring 
having one hetero atom which is N, and optionally 1, 2, 3, or 
4 additional N atoms, said substituents are selected from the 
group consisting of 

20 (1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci.6alkyl. 

(4) Cl.6alkoxy, 

(5) Ci.6alkylthio, 
25 (6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(R6).oH, and 

(10) -C(R5)(R6).o.CMalkyl; 

30 (e) a mono- or di- substituted benzoheterocycle in which the 

heterocycle is a 5, 6, or 7-membered ring which may contain 
1 or 2 heteroatoms chosen independently fi-om O, S, or N 
and which may contain a carbonyl group or a sulfonyl 
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group; the said substituents are selected from the group 
consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 
5 (3) Ci-6alkyl, 

(4) Ci.6alkoxy, 

(5) Ci.6alkylthio. 

(6) CN, 

(7) CF3, 
10 (8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o.CMalkyl; 

(f) a heterocycloalkyl group of 5, 6 or 7 members which 
contains 1 or 2 heteroatoms chosen from O, S, or N and 

1^ optionally contains a carbonyl group or a sulfonyl group. 

(g) a mono- or di- substituted benzocarbocycle in which the 
carbocycle is a 5, 6, or 7-membered ring which optionally 
contains a carbonyl group, the said substituents are selected 
from the group consisting of 

20 (1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci-6alkyl, 

(4) Ci.6alkoxy, 

(5) Cl.6alkylthio, 
25 (6) CN, 

(7) CF3. 

(8) N3. 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o.Ci.4alkyl; 

30 r3 is Ci-7alkyl, CH20R7, CN, CH2CN, or Ci-6fluoroalkyl, F, 

CONR72, a mono- or di- substituted phenyl, a mono- or di- substimted 
benzyl, a mono- or di- substituted heteroaryl or a mono- or di- substituted 
heteroaiylmethyl wherein the substituents are selected from 
(1) hydrogen. 
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(2) halo, including fluoro. chloro, brbmo and iodo 

(3) Ci-ealkyl, 

(4) Ci.6alkoxy, 

(5) Ci.6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3. 

(9) -C(R5)(r6).oh. and 

(10) -C(R5)(R6).0-CMalkyl, or 



(a) a mono- or di- substituted phenyl, a mono- or di- substituted 
benzyl, a mono- or di- substituted heteroaryl or a mono- or 
di- substituted heteroarylmethyl, said substituents are 
selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) C]-6alkyl, 

(4) Cl-6alkoxy, 

(5) Ci.6alkylthio, 
20 (6) CN, 

(7) CF3. 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(r6).0-Ci -4alkyl, or 

25 (b) Ci.7alkyl, CH20R7, CN, CH2CN. Ci.6fluoroalkyl, F or 

CONR72;or 

R3 and R4 together with the carbon to which they are attached form a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 
1 or 2 heteroatoms chosen independently from O. S, N, and optionally 
30 hexa-substituted by Rl2 and optionally containing a carbonyl or sulfonyl 
group^ 

each Rl2 is independently selected from the group consisting of 

(a) hydrogen, 

(b) Cl.6alkyl, 



wo 96/19469 



PCT/CA95/00715 



-94- 

(c) phenyl or monosubstituted phenyl wherein the substituents 
may be halo, Ci-6alkyl, Ci-6alkoxy, Ci-6alkylthio, CN, or 
CF3, 

(d) benzyl or monosubstituted benzyl wherein the substituents 
5 may be halo, C l .6alkyl, C i .6alkoxy, C i .6alkylthio, CN, or 

CF3, 

(e) -C02-alkyl, 

(f) halo; 

R5, r6 and r7 are each independently selected from the group consisting 
10 of 

(a) hydrogen, and 

(b) Ci.6alkyl, 

or and R^ together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
15 atoms; 

R8andR9 are independently selected from the group consisting of: 

(a) hydrogen, 

(b) Cl-7alkyI,or 

r8 and r9 together form a double bonded O or S; 
20 R 1 0 and R 1 1 are independently 

(a) hydrogen , 

(b) a mono- or di- substituted phenyl, a mono- or di- substituted 
benzyl, a mono- or di- substituted heteroaryl or a mono- or 
di- substituted heteroarylmethyl, said substituents are 

25 selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl-6alkyl, 

(4) Cl-6alkoxy, 
30 (5) Cl.6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(Rl3)(Rl4).0H,and 
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(10) -C(Rl3)(Rl4).o.Ci .4alkyl, or 

(c) Cl.7alkyl, CH20R7 CN, CH2CN. Ci.6fluoroalkyl. F or 
CONR72 or 

(d) RlO and r1 1 together form a double bonded O; or 

5 RlO and r1 1 together with the carbon to which they are attached 

form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

Rl3 and r14 are independently selected from the group consisting of: 
(a) hydrogen, 
10 (b) C]-7alkyl,or 

Rl3 and r14 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms or together form a double bonded O or S, 
with the proviso that when Y is O or S, and R8 and R9 are t^en together 
15 with the carbon to which they are attached to form a carbonyl, and r3 
and R4 are each methyl, then r2 is other than a naphthyl or an optionally 
mono or di-substituted phenyl, wherein the substituent is meta-fluoro 
para-fluoro, meta-chloro or para-chloro; or 3,4-dichloro or 3,4-difluoro; 
and when are r3 and r4 taken together with the carbon to which they ^e 
20 attached form a carbonyl, then r8 and r9 taken together with the carbon 
to which they are attached fonn a group other than carbonyl. 

2. A compound of formula I 




I 

or a pharmaceutically acceptable salt thereof 
wherein: 

Y is selected from the group consisting of 
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(a) C(RlO)(Rli), 

(b) oxygen, 

(c) sulfiir, 

RMs selected from the group consisting of 
5 (a) S(0)2CH3, 

(b) S(0)2NH2, 

(c) S(0)2NHC(0)CF3, 

(d) S(0)(NH)NH2, 

(e) S(0)(NH)NHC(0)CF3. 
10 (f) P(0)(CH3)NH2, 

(g) P(0)(CH3)2, 
R2 is selected from the group consisting of 

(a) Cl-6alkyl. 

(b) C3-7 cycloalkyl, 

^ 5 (c) mono-, di- or tri-substituted phenyl or naphthyl wherein the 

substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

(3) Cl-6alkoxy, 
20 (4) Cl-6alkylthio, 

(5) CN, 

(6) CF3. 

(7) Cl.6alkyl, 

(8) N3. 

25 (9) -CO2H, 

(10) -C02-Cl.4alkyl, 

(11) -C(R5)(R6).oH, 

(12) -C(R5)(R6).0-Cl^yl,and 

(13) -Cl.6alkyl-C02-R5; 
30 (14) benzyloxy, 

(15) -0-(Cl-6alkyl)-C02R5, 

(16) -0-(Ci-6alkyl)-NR5R6; 

(d) mono- ^ di- or tri-substituted heteroaryl wherein the 

heteroaryl is a monocyclic aromatic ring of 5 atoms, said 
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ring having one hetero atom which is S, O, or N, and 
optionally 1, 2, or 3 additionally N atoms; or 
the heteroaryl is a monocyclic ring of 6 atoms, said ring 
having one hetero atom which is N, and optionally 1, 2, 3, oi 
4 additional N atoms, said substituents are selected from the 
group consisting of 

(1) hydrogen, 

(2) halo, including fluoro. chloro, bromo and iodo 

(3) Ci-6alkyl, 

(4) Ci-6alkoxy, 

(5) Cl-6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(R6).oh, and 

(10) -C(R5)(R6).o.Ci.4alkyl; 

a mono- or di- substituted benzoheterocycle in which the 
heterocycle is a 5, 6, or 7-membered ring which may contain 
1 or 2 heteroatoms chosen independently from O, S, or N 
and which may contain a carbonyl group or a sulfonyl 
group; the said substituents are selected from the group 
consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Cl.6alkyl, 

(4) Ci.6alkoxy, 

(5) Ci-ealkylthio. 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).0-CMalkyl; 
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(f) a heterocycloalkyl group of 5-7 members which contains 1 
or 2 heteroatoms chosen from O, S, or N and optionally 
contains a caibonyl group or a sulfonyl group. 

(g) a mono- or di- substituted benzocaibocycle in which the 

5 carbocycle is a 5, 6, or 7-membered ring which optionally 

contains a carbonyl group, the said substituents are selected 
from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 
10 (3) Ci-6alkyl. 

(4) Ci-6alkoxy, 

(5) Ci-6alkylthio. 

(6) CN, 

(7) CF3, 

15 (8) N3. 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o.Ci^alkyl; 

R3 is a mono- or di- substituted phenyl, a mono- or di- substituted 
20 benzyl, a mono- or di- substituted heteroaryl, a mono- or di- substimted 
heteroaryhnethyl wherein the substituents are selected from 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Ci-6alkyl, 
25 (4) Ci.6alkoxy, 

(5) Ci.6alkylthio. 

(6) CN. 

(7) CF3, 

(8) N3. 

30 (9) -C(R5)(R6).oh, and 

(10) -C(R5)(R6).0-Ci.4alkyl; 



35 



Ci-7alkyl, CH20R7, CN, CH2CN, Ci.6fluoroalkyl, F or CONR72 when 
YisC(RlO)(Rll),or 
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10 



15 



R3 is a mono- or di- substituted phenyl, a mono- or di- substituted 
benzyl, a mono- ordi- substimted heteroaryl, a mono- or di- substimted 
heteroaiylmethyl wherein the substituents are selected from 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci.6alkyl, 

(4) Cl-6alkoxy, 

(5) Ci.6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o.CMalkyl; 

CH20R7. CN. CH2CN. Ci.6fluoroalkyl, F or CONR72 when Y is O 
orS; 
R4is 

(a) a mono- or di- substituted phenyl, a mono- or di- substituted 
benzyl, a mono- or di- substimted heteroaryl or a mono- or 
di- substimted heteroaiylmethyl as defined above, said 
substituents are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Cl-6alkyl, 

(4) Cl.6alkoxy, 

(5) Ci-6alkylthio, 

(6) CN, 

(7) CF3, 

(8) Ns, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o.CMalkyl, or 
(b) Cl.7alkyl, CH20R7, CN. CH2CN, Ci.6fluoroalkyl. F or 

CONR72 or . 



20 



30 
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r3 and together with the carbon to which they are attached form a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 
1 or 2 heteroatoms chosen independently from O, S, N, and optionally 
hexa-substituted by r12 and optionally containing a carbonyl or sulfonyl 
5 group; 

each r12 is independently selected from the group consisting of 

(a) hydrogen, 

(b) Cl.6alkyl, 

(c) phenyl or monosubstituted phenyl wherein the substituents 
1 0 may be halo, C 1 .6alkyl, C 1 .6alkoxy, C i -6alkylthio, CN, or 

CF3, 

(d) benzyl or monosubstituted benzyl wherein the substituents 
may be halo, Cl.6alkyl, Ci-6alkoxy, Ci.6alkylthio, CN, or 
CF3, 

15 (e) -C02-alkyl, 

(f) halo, 

r5, r6 and r7 are each independently selected from the group consisting 
of 

(a) hydrogen, and 
20 (b) Cl-6alkyl, 

or r5 and r6 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

r8 and r9 are independently selected from the group consisting of: 
25 (a) hydrogen, 

(b) Cl.7alkyl,or 

r8 and r9 together form a double bonded O or S; 
RIO and r1 1 are independently 
(a) hydrogen, 

30 (b) a mono- or di- substituted phenyl, a mono- or di- substituted 

benzyl, a mono- or di- substituted heteroaryl, or a mono- or 
di- substituted heteroarylmethyl, said substituents are 
selected from the group consisting of 
(1) hydrogen. 
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(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci.6alkyl, 

(4) Ci.6alkoxy, 

(5) Cl.6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3. 

(9) -C(Rl3)(Rl4).oH,and 

(10) -C(Rl3)(Rl4).o.c,^a„,yl,or 

(c) Cl-7alkyl, CH20R7, CN. CH2CN. Cl.6fluoroalkyl. F or 
CONR72, or 

(d) RlO and Rl I together form a double bonded O; or 

Rl" and RH together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
1* atoms; 

R13 and r14 are independently selected from the group consisting of: 

(a) hydrogen, 

(b) Cl-7alkyl,or 

Rl3 and RH together form a double bonded O or S. 



10 



20 



3. A compound according to Claim 2 of formula la 




25 wherein: 

Rl is selected from the group consisting of 

(a) S(0)2CH3. 

(b) S(0)2NH2, 

(c) S(0)2NHC(0)CF3, 
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(d) S(0)(NH)NH2. 

(e) S(0)(NH)NHC(0)CF3. 

(f) P(0)(CH3)NH2, 

(g) P(0)(CH3)2 

5 r2 is selected from the group consisting of 

(a) Ci.6alkyl. 

(b) C3, C4. C5 or C6 cycloalkyl, 

(c) mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 

10 (1) hydrogen, 

(2) halo, 

(3) Cl.6alkoxy, 

(4) Ci-6alkylthio, 

(5) CN, 
15 (6) CF3, 

(7) Cl-6alkyl, 

(8) N3, 

(9) -C02H, 

(10) -C02-CMalkyl, 
20 (11) -C(R5)(r6).oh, 

(12) -C(R5)(R6).0-Ci-4alkyl,and 

(13) -Cl-6alkyl-C02-R5; 

(14) benzyloxy, 

(15) -0-(Ci.6alkyl)-C02R5 
25 (16) -0-(Cl.6alkyl)-NR5R6 

(d) mono- or di-substituted heteroaryl selected from die group 
consisting of 

(1) furanyl, 

(2) diazinyl, triazinyl and tetrazinyl, 
30 (3) imidazolyl, 

(4) isooxazolyl, 

(5) isothiazolyl, 

(6) oxadiazolyl, 

(7) oxazolyl. 
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(8) pyrazolyl, 

(9) pyrrolyl, 

(10) thiadiazolyl, 

(11) thiazolyl, 

(12) thienyl, 

(13) triazolyl, and 

(14) tetrazolyl, 

wherein said substituents are selected from the group consisting of 



(3) Cl-6alkyl. 

(4) Cl-6alkoxy, 

(5) Cl-6alkylthio, 

(6) CN, 

(7) CF3. 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).0-Ci.4alkyl; 

(e) a mono- or di-substituted benzoheterocycle, 

benzocarbocycle or heterocycloalkyl selected from the group 
consisting of 

(1) 2-indolyl, 

(2) 3-indolyl, 

(3) l-methyl-5-indolyl 

(4) 2-benzofuranyl, 

(5) 3-ben2ofuranyl, 

(6) 5-benzofuranyl, 

(7) 6-benzofuranyl, 

(8) 2-benzothienyl, 

(9) 3-benzothienyl, 

(10) 5-benzothienyl, 

(11) 6-benzothienyl, 



(1) 
(2) 



hydrogen, 

fluoro, chloro, bromo and iodo. 
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wherein said substituents are selected from the group 
consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci.6alkyl, 

(4) Cl.6alkoxy, 

(5) Ci.6alkylthio. 

(6) CN. 

(7) CF3, 

(8) N3. 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).0-Ci.4alkyl; 
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R3 is CH20R7, CN. CH2CN, or Cl-6fluoroalkyl; 
R4is 

(a) a mono- or di- substituted phenyl or a mono- or di- 

substituted heteroaiyl, said substituents are selected from the 
5 group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci.6alkyl, 

(4) Ci.6aIkoxy, 

(5) Ci.6alkylthio. 

(6) CN, 

(7) CF3. 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).o-Ci.4aIkyl,or 

(b) Ci-6alkyl, CH20R7, CN, CH2CN, or Ci.6flubroaIkyl; or 
R^ and R4 together with the carbon to which tiiey are attached fonn a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 
1 or 2 heteroaioms chosen independently from O. S. N, and optionally 
hexa-substitutedby r12, 

each Rl2 is independently selected from the group consisting of 

(a) hydrogen, 

(b) Ci.6alkyl, 

(c) phenyl or monosubstituted phenyl wherein tiie substituents 
may be halo, Cl-6alkyl, Ci.6alkoxy, Cl.6alkylthio, CN. or 
CF3, 

(d) benzyl or monosubstituted benzyl wherein the substituents 
may be halo. Cl.6alkyl, Ci.6alkoxy, Ci-6alkylthio, CN. or 
CF3, 

30 (e) -C02-alkyl, 

(f) halo; 

R5, R6 and r7 are each independently selected from the group consisting 
(a) hydrogen, and 



20 



25 
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(b) Ci.6alkyi, 

or r5 and r6 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms. 

4. A compound according to Claim 3 of formula la 




la 

10 wherein: 

is selected from the group consisting of 

(a) S(0)2CH3, 

(b) S(0)2NH2, 

(c) S(0)2NHC(0)CF3. 
15 (d) S(0)(NH)NH2, 

(e) S(0)(NH)NHC(0)CF3, 

(f) P(0)(CH3)NH2, 

(g) P(0)(CH3)2 

R2 is selected from the group consisting of 
20 (a) cyclohexyl, and 

(b) mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

25 (3) Cl.4alkoxy, 

(4) Cl.4alkylthio. 

(5) CN, 

(6) CF3, 

(7) Ci.4alkyl, 
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(8) N3. 

(9) -C02H, 

(10) -C02-Ci-4aIkyl, 

(11) -C(R5)(r6).oh, 

(12) -C(R5)(R6).o.Ci.4alkyI.and 

(13) -Cl.6alkyl-C02-R5, 

(14) benzyloxy, 

(15) -0-(Ci.4alkyl)-C02R5. 

(16) -0-(Cl.4alkyl)-NR5R6; 

R3 is CH20R7, CN, CH2CN, or Ci-efluoroalkyl; 
R4is 



(a) a mono- or di- substituted phenyl or a mono- or di- 

^"^'s^^^t®^ heteroaryl, said substituents are selected from the 
1^ group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci-6alkyl, 

(4) Ci-6alkoxy, 

(5) Ci-ealkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(r6).oh, and 

(10) -C(R5)(R6).0-Cl.4alkyl.or 

(b)^ Cl.6alkyl, CH20R7, CN, CH2CN, or Ci.6fluoroalkyl; or 

R and R4 together with the carbon to which they are attached foim a 

saturated monocyclic ring of 3, 4. 5, 6 or 7 atoms, optionally containing 

I or 2 heteroatoms chosen independently from O. S. N, and optionally 
JU substituted by tetra-R 12 ^ 

each Rl2 is independently selected from the group consisting of 

(a) hydrogen, 

(b) Cl.6alkyl, 
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(c) phenyl or monosubstituted phenyl wherein the substituents 
may be halo, Ci.6alkyl, Cl.6alkoxy, Ci.6alkylthio, CN, or 
CF3. 

(d) benzyl or monosubstituted benzyl wherein the substituents 
5 may be halo, Ci.6alkyl, Ci.6alkoxy, Cl.6alkylthio, CN, or 

CF3, 

(e) -C02-alkyl, 

(f) halo, 

R5, r6 and are each independently selected from the group consisting 
10 of 

(a) hydrogen, and 

(b) Cl.6alkyl, 

or R5 and r6 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
15 atoms. 

5. A compound according to Claim 4 of formula la 




20 la 
wherein: 

RMs selected from the group consisting of 

(a) S(0)2CH3, 

(b) S(0)2NH2, 

25 (c) S(0)(NH)NH2, 

R2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substitiient is selected from the group consisting of 
(1) hydrogen, 
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(2) halo. 

(3) Ci.4alkoxy, 

(4) Ci.4alkylthio, 

(5) CN, 
5 (6) CF3. 

(7) Ci.4alkyl, 

(8) N3, 

(9) -C02H, 

(10) -C02-CMalkyl, 
10 (11) -C(R5)(r6).oh, 

(12) -C(R5)(R6).o.Ci.4alkyl,and 

(13) -Cl.4alkyl-C02-R5; 

R3 is CH20R7, CN, CH2CN. or Ci.4fluoroalkyl; 
15 r4 is 

(a) a mono- or di- substituted phenyl or a mono- or di- 
substituted heteroaryl, said substituents are selected from the 
group consisting of 

(1) hydrogen, 
^0 (2) fluoro, chloro and bromo, 

(3) Ci.4alkyl, 

(4) Cl.4alkoxy, 

(5) Cl.4alkylthio, 

(6) CN. 

25 (7) CF3. or 

(b) Ci-4alkyl, CH20R7, CN, CH2CN, or Ci-4fluoroalkyl; or 
R3 and r4 together with the carbon to which they are attached form a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 
1 or 2 heteroatoms chosen independently from O, S, N, and optionally " 

30 substituted by tri-R 12^ 

each r12 is independently selected from the group consisting of 

(a) hydrogen, 

(b) CMalkyl, 
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(c) phenyl or monosubstituted phenyl wherein the substituents 
may be halo. CMalkyl. Cl^koxy, Ci.6alkylthio, CN. or 
CF3. 

(d) benzyl or monosubstituted benzyl wherein the substituents 
5 may be halo, Ci.4alkyl. Cl.4alkoxy. Ci.4alkylthio. CN. or 

CF3, 

(e) -C02-Ci.4alkyl. 

(f) halo. 

10 ^^^^ independently selected from the group consisting 

(a) hydrogen, and 

(b) Ci.4alkyl, 

or r5 and r6 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
15 atoms. 

6. A compound according to Claim 5 of formula la 




wherein: 

RMs selected from the group consisting of 

(a) S(0)2CH3. 

(b) S(0)2NH2, 

25 r2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo. 
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(3) Ci.4aIkoxy. 

(4) Ci.4alkylthio, 

(5) CN, 

(6) CF3. 

5 (7) Ci-4alkyl, 

(8) N3,and 

(9) -C(R5)(r6).0H; 

R3 is CH20R7 CN, CH2CN. or Ci.3fluoroalkyl; 
R4 is 

10 (a) a mono- or di- substituted phenyl or a mono- or di- 

substituted heteroaryl, said substituents are selected from the 
group consisting of 

(1) hydrogen, 

, <r h^lO' including fluoro, chloro, bromo and iodo 

(3) Ci-3alkyl, 

(4) Ci-3alkoxy, 

(5) Cl.4alkylthio, 

(6) CN, 

(7) CF3, or 

»f ^ Cl-3alkyl, CH20R7 CN, CH2CN, or Ci-3fluoroalkyl; 
R . RO and R7 are each independently selected from the group consisting 



20 



25 



of 

(a) hydrogen, and 

(b) Ci.3alkyl. 



A compound according to Claim 6 of formula la 




la 



wo 96/19469 



PCT/CA95/00715 



-112- 

wherein: 

RMs selected from the group consisting of 

(a) S(0)2CH3, 

(b) S(0)2NH2, 

5 r2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, selected from the group consisting of fluoro, 
10 chloro and bromo, 

(3) Ci-3alkoxy, 

(4) Ci-3alkylthio, 

(5) CN, and 

(6) Ci-salkyl. 

15 r3 is CH20R7. CN, CH2CN, or Cl-3fluoroalkyl; 
R4 is 

(a) a mono- or di- substituted phenyl or a mono- or di- 
substituted heteroaryl, said substituents are selected from the 
group consisting of 

20 (1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl.3alkyl, 

(4) Cl-3alkoxy, 

(5) Ci-4alkylthio, 
25 (6) CF3,or 

(b) C l-3alkyl, CH20R7, CN. CH2CN. or C i -3fluoroalkyl; 

R5, r6 and r7 are each independently selected from the group consisting 
of 

(a) hydrogen, and 
30 (b) Cl-3alkyl. 



8. 



A compound according to Claim 7 of formula la 
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la 

wherein: 

R 1 is selected from the group consisting of 
5 S(0)2CH3. 

R2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 
(1) hydrogen, 

selected from the group consisting of fluoro, 
chloro and bromo, 

(3) methoxy, 

(4) methylthio, 

(5) CN, and 

(6) methyl and ethyl, 

R3 is CH20R7. CN. CH2CN. or trifluoromethyl; 
R4is 

(a) a mono- or di- substituted phenyl or a mono- or di- 

substituted heteroaryl, said substituents are selected from the 
group consisting of 

(1) hydrogen, 

(2) fluoro, chloro andbromo, 

(3) methyl and ethyl, 

(4) methoxy, 

(5) methylthio, 

(6) CF3, or 

(b) Ci-3alkyl,CH20R7 CN,CH2CN, or trifluoromethyl- 
R^ R6 and R7 are each independently selected from the group consisting 

•^^ (a) hydrogen, and 



wo 96/19469 



PCT/CA95/00715 



-114- 

(b) methyl. 

9. A compound according to Claim 3 wherein 
R2 is selected from the group consisting of 
5 (a) mono- or di-substituted heteroaryl selected from the group 

consisting of 

(1) furanyl, 

(2) diazinyl, triazinyl and tetrazinyl, 

(3) imidazolyl, 
10 (4) isooxazolyl, 

(5) isothiazolyl, 

(6) oxadiazolyl, 

(7) oxazolyl, 

(8) pyrazolyl, 
15 (9) pyrrolyl. 

(10) thiadiazolyl, 

(11) thiazolyl, 

(12) thienyl, 

(13) triazolyl, and 
20 (14) tetrazolyl, 

wherein said substituents are selected from the group consisting of 

(1) hydrogen, 

(2) fluoro, chloro, bromo and iodo, 

(3) Ci.6alkyU 
25 (4) Ci.6alkoxy. 

(5) Ci.6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

30 (9) -C(R5)(R6)-OH,and 

(10) -C(R5)(R6).0-CMalkyl; 
(b) a mono- or di-substituted benzoheterocycle, 

benzocarbocycle or heterocycloalkyl selected from the group 
consisting of 
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(1) 2-indoiyl, 

(2) 3-indolyl, 

(3) l-methyl-5-indolyl 

(4) 2-benzofiiranyl, 
5 (5) 3-benzofuranyl, 

(6) 5-benzofuranyl, 

(7) 6-benzofuranyl, 

(8) 2-benzothienyl, 

(9) 3-benzothienyl, 
10 (10) 5-benzothienyl, 

(11) 6-benzothienyl, 




wherein said substituents are selected from the group 
consisting of 
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(1) 


hydrosen. 




(2) 


halo, including fluoro, chloro, bromo and iodo. 




(3) 


Cl-6alkyl. 




(4) 


Cl.6alkoxy, 


5 


(5) 


Ci.6alkylthib, 




(6) 


CN, 




(7) 


CF3, 




,(8) 


N3, 




(9) 


-C(R5)(r6).oh, and 


10 


(10) 


-C(R5)(R6).0-Cl-4alkyl. 



10. A compound according to Claim 9 wherein 
r2 is a mono or di substituted heteroaryl wherein heteroaryl is 
selected from the group consisting of 
15 (1) furanyl, 

(2) diazinyl, triazinyl, tetrazinyl, 

(3) imidazolyl, 

(4) isooxazolyl, 

(5) isothiazolyl, 
20 (6) oxadiazolyl, 

(7) oxazolyl, 

(8) pyrazolyl, 

(9) pyrrolyl, 

(10) thiadiazolyl, 
25 (11) thiazolyl, 

(12) thienyl, 

(13) triazolyl, and 

(14) tetrazolyl, 

wherein the substitutents are selected from the group 
30 consisting of 

(1) hydrogen, 

(2) fluoro or chloro, 

(3) Cl-3alkoxy, 

(4) Ci.6alkylthio, 
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(5) CN, 

(6) CF3. 

(7) Cl-salkyl, 

(8) -C(R5)(r6).oh: 

5 (9) -C(R5)(R6).o.CMalkyl. 

11. A compound according to Claim 1 0 wherein 
R2is ... 

10 



15 



20 



25 



30 



selected from the group consisting of 


(1) 


2-furanyl, 


(2) 


3-furanyl, 


(3) 


2-thienyl, 


(4) 


3-thienyl, 


(5) 


3-isoxazolyl, 


(6) 


4-isoxa2olyl, 


(7) 


5-isoxazolyl, 


(8) 


3-isothiazolyl, 


(9) 


4-isothiazolyl, 


(10) 


5-isothiazolyl, 


(11) 


2-oxazolyI, 


(12) 


4-oxazolyl, 


(13) 


5-oxazolyl, 


(14) 


2-thiazolyl, 


(15) 


4-thia2olyl, 


(16) 


5-thiazolyl, 


(17) 


1 ,2,3-thiadiazol-4-yl. 


(18) 


1 ,2,3-thiadiazol-5-yl. 


(19) 


l,2,4-thiadiazol-3-yI, 


(20) 


l,2,4-thiadia2ol-5-yl. 


(21) 


1 ,3,4-thiadiazol-2-yl. 


(22) 


1 ,2,5-thiadiazol-3-yl, 


(23) 


1 ,2,3-oxadiazol-4-yl. 


(24) 


1 ,2,3-oxadiazoI-5-yl, 


(25) 


1 ,2,4-oxadiazoI-3-yl, 
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(36) 
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(38) 
(39) 

15 (40) 
(41) 
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1 ,2,4-oxadia2ol-5-yl, 

1 .3.4- oxadiazol-2-yl, 

1 .2.5- oxadia2ol-3-yl, 
pyrazol-4-yl, 
pyrazol-5-yl, 

1 ,2,3-triadiazol-4-yl, 

1 .2.3- triadiazol-5-yl, 

1 .2.4- triadiazol-3-yl, 
1 ,2,4-triadiazol-5-yl, 
1,2-diazinyl, 

1 »3-diazinyl, 

1 ,4-diazinyl, 

1 ,2,3»4-tetrazin-5-yl, 

l,2,4,5-tetrazin-4-yl, 

1 ,3,4,5-tetrazin-2-yl,and 

1 ,2,3,5-tetrazin-4-yl. 



12. A compound according to Claim 1 1 wherein 
R2 is a mono or di substituted heteroaryl wherein heteroaryl is 



selected from the group consisting of 


(1) 


3-isoxazolyl, 


(2) 


4-isoxazolyl, 


(3) 


5-isoxazolyl, 


(4) 


3-isothiazolyl, 


(5) 


4-isothiazolyl, 


(6) 


5-isothiazolyl, 


(7) 


2-oxazolyl, 


(8) 


4-oxazolyl, 


(9) 


5-oxazolyl, 


(10) 


2-thiazolyl, 


(11) 


4-thiazolyl, 


(12) 


5-thia2olyl, 


(13) 


1 ,23-thiadiazol-4-yl, 


(14) 


l,23-thiadiazol-5-yl, 
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(15) l,2,4-thiadiazol-3-yl, 

(16) l,2,4-thiadiazoI-5-yI, 

(17) l,3,4-thiadia2ol-2-yl, 

(18) l,2,5-thiadiazol-3-yl, 
5 (19) l,2,3-oxadiazoI-4-yl, 

(20) l,2,3-oxadiazol-5-yl, 

(21) l,2,4-oxadiazol-3-yl, 

(22) 1.2,4-oxadiazoI-5-yl, 

(23) l,3,4-oxadiazol-2-yl, 
10 (24) l,2,5-oxadiazol-3-yl, 

(25) 1,2-diazinyl, 

(26) 1,3-diazinyl, and 

(27) l,4-dia2inyl. 



15 13. 



A compound according to Claim 12 wherein 



20 



25 



(I) 


3-isothia2oIyl, 


(2) 


4-isothiazolyl, 


(3) 


5-isothia2olyl, 


(4) 


2-oxazoIyl, 


(5) 


4-oxazolyl, 


(6) 


5-oxazolyl, 


(7) 


2-thiazolyl, 


(8) 


4-thiazolyl, 


(9) 


5-thia2olyl, 


(10) 


1,2-diazinyl, 


(11) 


1,3-diazinyl, and 


(12) 


l,4-dia2inyl,and 



wherein the substitutents are selected from the group consisting of 
30 (1) hydrogen, 

(2) fluoro or chloro, 

(3) Cl-3alkoxy, 

(4) Cl-3alkylthio, 

(5) CN, 
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(6) Ci.3aikyl, and 

(7) -C(R5)(r6).oh, 

R3 is CH20R7, CN, CH2CN, or Ci.3fluoroalkyl; 
R4is 

(a) substituted phenyl or substituted heteroaryl. said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo. 



(3) Cl-salkyl, 

(4) Cl-salkoxy, 

(5) Ci.4alkylthio, 

(6) CN, 

(7) CF3, or 



(b) Cl-3alkyl, CH20R7, CN, CH2CN, or Cl.3fluoroalkyl; 
R5 and R6 are each independenUy hydrogen, methyl or ethyl. 



A compound according to Claim 2 of fonnula lb 



(a) S(0)2CH3, 

(b) S(0)2NH2, 

(c) S(0)2NHC(0)CF3, 

(d) S(0)(NH)NH2, 

(e) S(0)(NH)NHC(0)CF3, 

(f) P(0)(CH3)NH2, 

(g) P(0)(CH3)2 




O 



20 
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R2 is selected from the group consisting of 
cyclohexyl, and 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 
^ (1) hydrogen, 

(2) halo, 

(3) Ci.6alkoxy. 

(4) Ci-6alkylthio, 

(5) CN, 
10 (6) CF3, 

(7) Ci-6alkyl, 

(8) N3, 

(9) -C02H, 

(10) -C02-Ci.4alkyl, 
15 (11) -C(R5)(r6).oh, 

(12) -C(R5)(R6).0-Ci.4alkyl, and 

(13) -Ci-6alkyl-C02-R5; 

(14) benzyloxy, 

(15) -0-(Cl.6alkyl)-C02R5 
20 (16) -0-(Cl.6alkyl)-NR5R6 

R3 is CH20R7 CN, CH2CN. or Cl-6fluoroalkyl; 
R4 is 

(a) substituted phenyl or substituted heteroaryl, said substiiuents 
^ selected from the group consisting of 

(1) hydrogen. 



(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci-6alkyl. 



(4) Ci.6alkoxy, 

(5) Ci.6alkylthio, 

(6) CN, 

(7) CF3, 

(8) N3, 

(9) -C(R5)(r6).oh, and 
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(10) -C(R5)(R6).0-CMalkyl, or 
(b) C i.6alkyl, CH20R7, CN. CH2CN, or Cl-efluoroalkyl; or 
r3 and R^ together with the carbon to which they are attached form a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 
5 1 or 2 heteroatoms chosen independently from O, S, N, and optionally 
substituted by tetra-Rl2, 

each R^2 is independently selected from the group consisting of 

(a) hydrogen, 

(b) Ci.6alkyl. 

10 (c) phenyl or monosubstituted phenyl wherein the substituents 

may be halo, Ci-6alkyl, Ci-6alkoxy, Cl.6alkylthio, CN, or 
CF3, 

(d) benzyl or monosubstituted benzyl wherein the substituents 
may be halo, Cl-6alkyl, Cl-6alkoxy, Cl-6alkylthio, CN, or 

15 CF3, 

(e) -C02-alkyl, 

(f) halo, 

R^, r6 and R^ are each independently selected from the group consisting 
of 

20 (a) hydrogen, and 

(b) Cl-6alkyl, 

or r5 and R^ together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

25 RIO and R 1 1 are independently 

(a) hydrogen , 

(b) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

30 (2) halo, including fluoro, chloro, bromo and iodo, 

(3) Ci.6alkyl, 

(4) Ci-ealkoxy, 

(5) Cl.6alkylthio, 

(6) CN, 
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(7) CF3, 

(8) N3, 

(9) -C(R13)(rI4).oh, and 

(10) -C(Rl3)(Rl4).o-Ci.4alkyl.or 

5 (c) Cl-7alkyl, CH20R7, CN, CH2CN. or Cl-6fluoroaUcyl; or 

RlO and r1 1 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

r1 3 and R 14 are independently selected from the group consisting of: 
10 (a) hydrogen, 

(b) Cl-6alkyl,or 

R13 and r14 together form a double bonded O or S. 



15 



15. A compound according to Claim 14 of formula lb 




lb 

wherein: 

R1 is selected from the group consisting of 
20 (a) S(0)2CH3. 

(b) S(0)2NH2, 

(c) S(0)(NH)NH2, 

R2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
25 substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo. 

(3) Cl-6alkoxy, 

(4) Cl-4alkylthio, 
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(5) CN, 

(6) CF3, 

(7) CMalkyl. 

(8) N3. 

(9) -C02H, 

(10) -C02-Ci-4alkyl, 

(11) -C(R5)(R6).oH, 

(12) -C(R5)(R6).o.Ci.4alkyl,and 

(13) -Ci-4alkyl-C02-R5; 



R3 is CH20R7, CN, CH2CN, or Ci.6fluoroalkyl; 
R4is 

(a) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

15 (1) hydrogen, 

(2) fluoro, chloro and bromo, 

(3) Cl-4alkyl, 

(4) Cl-4alkoxy, 

(5) Ci-4alkylthio, 
20 (6) CN. 

(7) CF3.or 

(b) Cl-4alkyl, CH20R7, CN, CH2CN, or Ci.4fluoroalkyl; or 
r3 and r4 together with the carbon to which they are attached form a 
saturated monocyclic ring of 3, 4, 5, 6 or 7 atoms, optionally containing 

25 1 or 2 heteroatoms chosen independently from O, S, N, and optionally 
substituted by tri-Rl2 

each R12 is independently selected from the group consisting of 

(a) hydrogen, 

(b) CMalkyl, 

30 (c) phenyl or monosubstituted phenyl wherein the substituents 

may be halo, Ci.4alkyl, Cl.4alkoxy, Ci-6alkylthio, CN, or 
CF3, 

(d) benzyl or monosubstituted benzyl wherein the substituents 
may be halo, C 1 -4alkyl, C 1 .4alkoxy , C 1 ^alkylthio, CN, or 
35 CF3, 
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(e) -C02-Ci.4alkyl, 

(f) halo, 

R5, r6 and r7 are each independently selected from the group consisting 
of 

5 (a) hydrogen, and 

(b) CMalkyl, 

or r5 and r6 together with the carbon to which they are attached 
form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

10 RlO and Rl 1 are independently 

(a) hydrogen , 

(b) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo 

(3) Ci-6alkyl, 

(4) Ci-6alkoxy, 

(5) Ci.6alkylthio, 

(6) CN. 

20 (7) CF3, 

(c) Cl-4alkyl, CH20R7, CN, CH2CN, or Cl-4fluoroalkyl; or 
R 1 0 and R 1 1 together with the carbon to which they are attached 

form a saturated monocyclic carbon ring of 3, 4, 5, 6 or 7 
atoms; 

25 Rl3 and r14 are independently selected from the group consisting of: 

(a) hydrogen, 

(b) Cl.4alkyl. 



30 



16. 



A compound according to Claim 15 of formula lb 
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Ib 

wherein: 

RMs selected from the group consisting of 
5 (a) S(0)2CH3, 

(b) S(0)2NH2, 
r2 is selected from the group consisting of 

mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 
10 (1) hydrogen, 

(2) halo, 

(3) Cl.4alkoxy, 

(4) Ci.4alkylthio, 

(5) CN, 
15 (6) CF3. 

(7) CMalkyl, 

(8) CO2H, and 

(9) -C(R5)(r6)-OH; 

R3 is CH20R7, CN, CH2CN, or Cl-3fluoroalkyl; 
20 R4is 

(a) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 
25 (3) Cl.3alkyl, 

(4) Cl.3alkoxy, 

(5) Cl.4alkylthio, 

(6) CN, 

(7) CF3, or 

30 (b) C l-3alkyl, CH20R7, CN, CH2CN, or Cl-3fluoroalkyl; 
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of 



R5, r6 and R7 are each independently selected from the group consisting 



(a) hydrogen, and 

(b) Ci-3alkyl; 



5 RlOandRll are independently 



(a) hydrogen , 

(b) substituted phenyl or substituted heteroaiyl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Cl.3alkyl, 

(4) Ci-salkoxy, 

(5) Cl.3alkylthio, 

(6) CN, 

(7) CF3. 

(c) Ci-3alkyl, CH20R7, CN, CH2CN, or Ci-4fluoroalkyl; 
nd r14 are independently selected from the group consisting of: 

(a) hydrogen, 

(b) ClOalkyl. 



17. A compound according to Claim 1 6 of formula lb 



20 




O 




(a) S(0)2CH3, 

(b) S(0)2NH2, 



R2 is selected from the group consisting of 
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mono-, di- or tri-substituted phenyl or naphthyl wherein the 
substituent is selected from the group consisting of 

(1) hydrogen, 

(2) halo, selected from the group consisting of fluoro, 
5 chloro and bromo« 

(3) Cl-3alkoxy, 

(4) Ci-3alkylthio. 

(5) CN, and 

(6) Cl.3alkyl. 

10 R3 is CH20R7, CN, CH2CN, or Cl-Sfluoroalkyl; 
R4is 

(a) substituted phenyl or substituted heteroaryl, said substituents 
are selected from the group consisting of 

(1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Ci.3alkyl, 

(4) Cl.3alkoxy, 

(5) Ci-4alkylthio, 

(6) CF3, or 

20 (b) Cl-salkyl, CH20R7, CN, CH2CN. or Ci-Sfluoroalkyl; 

R5, r6 and R7 are each independently selected from the group consisting 
of 

(a) hydrogen, and 

(b) Cl-3alkyl, 

25 RJO and Rll are independently 

(a) hydrogen , 

(b) a mono- or di- substituted phenyl or a mono- or di- 
substituted heteroaryl, said substituents are selected from the 
group consisting of 

30 (1) hydrogen, 

(2) halo, including fluoro, chloro, bromo and iodo, 

(3) Ci-3alkyl, 

(4) Ci.3alkoxy, 

(5) Cl.3alkylthio, 



wo 96/19469 



PCT/CA95/00715 



129- 



(6) CF3. 

(c) Cl.3alkyl.CH20R7 CN.CH2CN,orCi.4fluoroalkyl; 
R*^ and R14 are independently selected from the group consisting of 

(a) hydrogen, 

(b) Ci-salkyl. 



18. A compound according to claim 1 selected from the 
group consisting of 

(a) 5,5-DimethyI-4-(4-(methylsulfonyl)phenyl).3.(4. 
methoxyphenyl)-2-(5H)-furanone, 

(b) 5,5-Dimethyl-3-(3-methoxyphenyl)-4-(4- 
(methylsulfonyl)phenyl).2-(5H)-furanone, 

(c) 5,5-Dimethyl-3-(4-isopropylphenyI)-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone, 

(d) 5,5-Dimethyl-4-(4.(methylsulfonyl)phenyl)-3-phenyl-2- 
(5H)-furanone, 

(e) 3-(Benzo[ 1 .3]dioxol-5-yl)-5,5-dimethyl-4-(4- 
(methylsulfonyI)phenyl)-2-(5H)-furanone, 

(f) 5,5-Dimethyl-3-(4-methylphenyl)-4-(4- 
(methylsulfonyl)phenyl).2.(5H)-furanone, 

(g) 5,5-DimethyI-4-(4-(methylsulfonyl)phenyl)-3-(4. 
trifluoromethyIphenyl)-2-(5H)-furanone, 

(h) 5,5-Dimethyl-3-(3-methylphenyI)-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone, 

(i) 5.5-Dimethyl-3-cyclohexyl-4-(4-(methyIsulfonyl) 
phenyl)-2-(5H)-furanone, 

G) 4-(4-(Methylsulfonyl)phenyl)-3-phenyl- 1 -oxa- 
spiro[4,4]non-3-en-2-one, 

(k)5,5-Dimethyl-3-(4-(methylsulfonyl)phenyl).2- 
phenylocyclopent-2-enone, 

(l)4.4-Dimethyl-3-(4-(methylsulfonyl)phenyl)-2-phenyl- 
cyclopent-2-enone, 

(m) 7-(4-(methylsulfonyl)phenyl)-6-phenyI-4-oxa- 
spiro[2.4]-hept-6-en-5-one, and 
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(n) 5,5-Bis(fluoromethyl)-3-phenyl-4-(4- 
(methylsulfonyl)phenyl)-2-(5H)-furanone. 

19. A compound according to Claim 1 selected from the 
5 group consisting of 

(a) 3-(3-Allyloxy-phenyl)-5,5-dimethyl-4-(4- 
methylsuIfonyl-phenyl)-5//-furan-2-one, 

(b) 3-(3,5-Difluoro-phenyl)-4-(4-methylsufonyl-phenyl)- 1 - 
10 oxa-spiro[4.4]non-3-en-2-one, 

(c) 3-Chroman-7-yl-55,-dimethyl-4-(4-methylsulfonyl- 
phenyI)-5//-furan-2-one, 

(d) 4-(4-Methylsulfonyl-phenyl)-3-phenyl-5,5-bis- 
trifluoromethyl-5H-furanone, 

15 (e) 8-(4-Methylsulfonyl-phenyl)-7-phenyl-5-oxa- 

spiro[3 .4]oct-7-en-6-one, 

(0 6-(3-Fluorophenyl)-7-(4-(methylsulfonyl)phenyl)-4-oxa- 
spiro[2.4]hept-6-en-5-one, 

(g) 7-(4-Methylsulfonylphenyl)-6-naphthalen-2-yl-4-oxa- 
20 spiro[2.4]hept-6-en-5-one, 

(h) 4-(6-Naphthalen-2-yl-5-oxo-4-oxa-spiro [2 .4]hept-6-en- 

7- yl)-benzenesulfonamide, 

(i) 7-(4-Fluorophenyl)-8-(4-methylsulfonylphenyl)-5-oxa- 
spiro[3 .4]oct-7-en-6-one, 

25 (j) 7-(3-Ruorophenyl)-8-(4-methylsulfonylphenyl)-5-oxa- 

spiro[3 .4]oct-7-en-6-one, 

(k) 7-(3 ,4-Difluorophenyl)-8-(4-methylsulfonylphenyl)-5- 
oxa-spiro[3 .4]oct-7-en-6-one, 
(l)4-(6-Oxo-7-phenyl-5-oxa-spiro[3.4]oct-7-en-8-yl)- 
30 benzenesulfonamide, 

(m) 4-[7-(4-Ruorophenyl)-6-oxo-5-oxa-spiro[3.4]oct-7-en- 

8- yl]-benzenesulfonamide, 

(n) 4-[7-(3-Fluorophenyl)-6-oxo-5-oxa-spiro[3.4]oct-7-en-8- 
yl]-benzenesulfonamide. 
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(o) 4-[7-(3,4-DifluorophenyI)-6-oxo-5-oxa-spiio[3.4]oct-7- 
en-8-yI]-benzenesulfonamide, 

(p) 3-(4-Fluorophenyl)-4-(4-(nielhylsulfonyl)phenyI)- 1 -oxa- 
spiro[4.41non-3-en-2-one, 

(q) 3-(3-FIuorophenyl)-4-(4-(methylsulfonyl)phenyl)- 1-oxa- 
spiro[4.4]non-3-en-2-one, 

(r) 3-(3,4-Difluorophenyl)-4-(4-(melhylsulfonyl)phcnyl)-l - 

oxa-spiro[4.4]non-3-en-2-one, 

(s) 3-(3-Chloro-4-fluorophenyl)-4-(4- 

(methy IsulfonyOphenyl)- 1 -oxa-spiro[4.4]non-3-en-2-one, 

(t) 4-(2-Oxo-3-phenyl- l-oxa-spiro[4.4]non-3-en-4-yl)- 

benzenesulfonamide, 

(u) 4-[3-(4-Fluorophenyl)-2-oxo -l-oxa-spiro[4.4]non-3-en- 
4-y 1)] -benzenesulfonamide, 

(v) 4-[3-(3-Fluorophenyl)-2-oxo -l-oxa-spirol4.4]non-3-en- 
4-yl)]-benzenesulfonamide, 

(w) 4-[3-(3,4-Difluorophenyl)-2-oxo -l-oxa-spirol4.4]non- 

3- en-4-yI)]-benzenesulfonamide, 

(x) 4-[3-(3-Chloro-4-fluorophenyl)-2-oxo-l-oxa- 

spiro[4.4non-3en-4yl]-bcnzcnesulfonamidc, 

(y) 4-(4-(Methylsulfonyl)phenyI)- 1 -oxa-spiro[4.5]dec-3-en- 

2-one, 

(z) 4-(2-Oxo-3-phenyl- 1 -oxa-spiro[4.5Jdec-3-cn-4-yI)- 
benzenesulfonamide, and 

(aa) 4-[3-(4-FluorophenyI)-2-oxo -l-oxa-spiro[4.5]dec-3-en- 

4- yl)-benzenesulfonamide. 



20. A pharmaceutical composition for treating an 
inflammatory disease susceptable to treatment with an non-steroidal anti- 
30 inflammatory agent comprising: 

a non-toxic therapeutically effective amount of a compound according to 
Claim 1, 2. 3. 4, 5. 6, 7. 8, 9. 10, 11. 12. 13, 14. 15, 16. 17, 18 or 19 and a 
pharmaceutically acceptable carrier. 
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21. A pharmaceutical composition for treating 
cyclooxygenase mediated diseases advantageously treated by an active 
agent that selectively inhibits COX-2 in preference to COX- 1 
comorisine: 

5 a non-toxic therapeutically effective amount of a compound according to 
Claim 1,2, 3, 4, 5. 6, 7. 8. 9, 10, 11. 12. 13. 14, 15. 16. 17, 18 or 19 and a 
pharmaceutically acceptable carrier. 

22. A method of treating an inflammatory disease 
susceptable to treatment with an non-steroidal anti-inflammatory agent 

10 comprising: 

administration to a patient in need of such treatment of a non-toxic 
therapeutically effective amount of a compound according to Claim 1 and 
a pharmaceutically acceptable carrier. 

15 23. A method of u-eating cyclooxygenase mediated 

diseases advantageously treated by an active agent that selectively 
inhibits COX-2 in preference to COX-1 comprising: 
administration to a patient in need of such treatment of a non-toxic 
therapeutically effective amount of a compound according to Claim 1 

20 

24. A method of treating inflammation in a patient for 
which non-steroidal antiinflammatory drugs may be contra-indicated 
comprising: 

administration to a patient in need of such treatment of a non-toxic 
25 therapeutically effective amount of a compound according to Claim 1 and 
a pharmaceutically acceptable carrier. 
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25. A pharmaceutically acceptable salt of a compound of 
the formula in Claim 1, 2; 3. 4, 5. 6, 7. 8, 9, 10, 11. 12, 13. 14, 15. 16 or 
17. 

26. A compound or pharmaceutically acceptable salt thereof, 
as defined in claim Claim 1, 2, 3, 4, 5, 6, 7. 8. 9. 10, 11, 12. 13. 14, 15. 
16, 17, 18 or 19 for use in treating an inflammatory disease susceptible to 
treatment with a non-steroidal anti-inflammatory agent. 

27. Use of a compound or pharmaceutically acceptable salt 
thereof, of Claim 1, 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16, 17. 18 
or 19. in the manufacture of a medicament for treating cyclooxygenase 
mediated diseases. 

28. Use of a compound or pharmaceutically acceptable salt 
thereof, of Claim 1. 2, 3. 4, 5, 6, 7. 8, 9. 10. 11, 12, 13, 14, 15. 16, 17. 18 
or 19, as an anti-inflammatory agent. 

29. An anti-inflammatory pharmaceutical composition 
comprising an acceptable anti-inflammatory effective amount of a 
compound, or pharmaceutically acceptable salt thereof, of Claim 1 , 2, 3, 
4, 5. 6, 7, 8, 9, 10. 11, 12, 13. 14. 15. 16, 17. 18 or 19. in association with 
a pharmaceutically acceptable carrier. 
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